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"Section A. PHYSICS. 


iontiien and a photographic illustration are given with a detailed descrip- 
tion of a model orrery designed by W.. Wilson for instruction purposes. 
‘The motions are produced by belt driving from a central stem, special 
provision being made for keeping the belt taut, and for =, adjusting the 
diameters of pulleys for different rotation ratios. _ a C. P. B. : 


Formof Clock Synchroniser. by Blake ‘and E. W. 
Jacksori; (Roy. Astron. Soc. Canada, J. 11. pp. 175-177, May-June, 1917.) 
—A modification of Stewart's clock sicteslione has been installed in the 
Meteorological Observatory at Toronto, the improvements ‘being chiefly in 
connection with the reduction of number of armatures, utilisation of current 

from a magneto clock instead of a local battery, and the reduction of contact — 
sparking. Diagrams the ‘electrical: and 
arrangement of gontacts. : OP. B. 


j Steele. (Astron, J. 80. pp. 128-129, May 5, 1917.)—A description is given of 
tests of a new measuring machine designed by F. Schlesinger and made by. 
Gaertner, of Chicago... The screw. is 18 mm. in diam,, and has 249 threads. 
of 1 mm, pitch: The periodic error was found to have a max. value of 
000018 mim., ‘which is negligible in all work with stellar images. The 
progressive errors were determined for every cm. of the screw, with a 
temperature range, during the measurement, ‘6 18 ae C.. They. are small. 
work in view. Cc. P. B. 


841, “Alternating Torsion and Impact Testing-machines, J. ‘McAdam. 
dies Eng, 89. p. 161, March 2, 1917. Rev. de Met. 18n, pp. 257-259, 
“Nov.-Dec,, 1916. Paper read before the Am. Soc. for Testing Materials, 
June, 1916.)—A brief description is given of an alternating torsion testing- 
machine ‘and of an impact testing-machine for unnotched bela rae - 


‘Hot-wire Anemomelers, (Frank, ‘Inst... ‘188. 
“opp. 788-785, June, 1917.)—The ordinary type of. electrical 
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| anemometer is so arranged that the wind-measuring ‘die. forms one branch 
of a Wheatstone or Kelvin bridge and is kept at constant resistance, which 
means constant absolute temperature, while the electrical power discipaied 

‘by the wire is observed. 
It is evident that if the temperature of the moving air changes during the 
test the “apparent” total wind velocity (at constant pene of the best 
wire) will also be ens 


The present ittodificatio Fay automatic com- 
pensation ‘by making all ‘four the nickel. 
wire. The two arms previously of Snakes wire are in the new 
arrangement made of two parallel ‘tungsten wires so that a bridge A BC D 
- “will have one wire from A to B, two from A to D, one from B to C, and two 
- from D to C. The doubled wires are longer than the single wires in a ratio - 
 @ of, say, about 2°5. Under these conditions it will be found that if the same 
velocity acts constantly upon all six wites;and if the-temperature of the 
wind changes, the bridge balance .will be affected in such a manner that 


' when balance is restored the total velocity i is again proportional to the square 


of the electrical power dissipated. Or, in other words, a given set of six 
wires in constant surface condition requires‘ a definite and constant tempe- 


rature-elevation to resistance balance for all wind- E, G. 


B43. of a “Method of Silvering ‘Glass’ ‘with ‘Chemicals o 
Ordinary” Purity . Crowther. (Phot, J. 57. pp. 185-189; Disc,, 
(89-190, une, 1917, author here presents his process for Kiiverth 
dass to leviate the present difficulties in the way of getting optical glass 
silvered quickly. Four solutions are used :—I. 10 % silver nitrate in dis- 
tilled water); caustic soda (stick). in: distilled water; I11.,28-80 % 
@mmonia.(commercial. strong) ; Reducing solution—equal. volumes. A 
A.and: B,.where A consists of 9 gm., (or white. crystal), sugar in, 50.c 
distilled water to which is added conc, nitric acid and then 17 
alcohol, finally making up to 100 cm? with water ;.B is,made by dissolving 
10. gm, Sugar, as, in -A, in’ 50 cm.* dist. water, adding, 1 gm, tartaric crystals, 
boiling. mins.,. cooling, adding 18. om, and 
100 em? with water. 
For every 100 cm.’ silvering solution 11 cmt I, remove 
and dilute with’ dist:water ; add to’ the ammonia III, 
icp shaking tintil just clear ; then, whilst shaking, add 10:cm.*‘solution II, 
atid “again, whilst shaking, add enough ammonia to ‘just re-dissolve the 
precipitate. Finally, whilst ‘shaking, add’ the diluted 4 ‘solution I, 
obtaining -sherry-coloured, ‘opalescent liquid. Filter and dilute: to 78 cm? 
with distilled water. Mix'11 cm.* reducing solution (IV) with 11 ci. dist, 
water, and add the mixture to the 78 cm: sherry-coloured silver solution, and 
pour’ immediately on to the glass, which should’ be:6 to 10:deg. F, warmer 
‘the. solutions. Rock vigorously and silver for two-and-a-half times 
the time from popring on the mixed solutions until deposition commences. 
Rinse twice in distilled,water, swab under tap, blot off surface water, allo ow 
to, dry half an hour in warm place, and polish off the Slight bloom. 
_ "The silvering is done face upwards in the dish, which in itself is a grat 
advantage, The paper, also contains the report of an instructive discussion. 
over. the details “HLH. Ho. 


Making Glass Tubes of Precise Dimensions, (Zeits.. 
Chem. 29, 1. pp. _ 882-888, Oct. Tastramentenk. 
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Angew, Chem, 29) Il, 417-418; Sept. 22, 1916): makes. glass. tubes: of any 
cross-section; round or polygonal, cylindrical or conical, by fitting a.core of 
the precise dimensions into a glass tube approximately! ofthe desired:shape, 
closing the tube; evacuating it and heating it externally ‘while tarning itabout | 
its Tongitudinal ‘axis; until the’ air pressure hasforced the glass ‘uniformly 
against 'the core ;the' core is then withdrawn (no particulars given), and.may 
at once be” re-used. heating:may”be progressive, and: the: core, which 
Gan be ‘built ‘up of parts, may: bear’ division: marks, etc. for the direct 
production of graduated pipettes, measuring glasses, étc, Apparatus of this. 
kind; which are tested ‘in batches; have been ‘im the 
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greater. than. 0. jas =0, will in increase with increasing creasing y, 
though it may. decrease. To eliminate y, the, metals were. ‘submitted to heat 
tment, -,.In this paper the author determines the cone-pressire hardness 
and plots it against a temperature-abscissa. ‘The specimens aré fused under 
a layer of chlorides, cast and annealed ; the resulting plate is laid on 4 
: plate of steel and electrically heated in a bath (oil from 20° up to 800°, fA mie 
up, to. 600°) ; the metals were of the highest commercial purity, the ‘bismuth’ 
and antimony probably not ‘pure, ‘The load, from 6 up to 1000 kg. is applied, 
rapidly in 15, or slowly in 800 seconds; the cone-angle is 90°. A neatly 
steady decrease of the hardness with rising temperature was.observed. i in, all 
cases, the curves being slightly concave (hardness-decrease slower at, hi iS | 
temperatures) in the case of Sn and Bi, more concave in the case, of Gd, 
_Zn, Sb, somewhat, S-shaped in the case of. Al and Cu. . Irregularities due. to, 
molecular .transformation did not seem, of importance, All the metals. 
retained 'considerable hardness near their melting-points,. when. the. inte 
friction, of the solid suddenly passed into the. viscosity of. the liquid ; Sn and 
Bi still. showed: near. the melting-point 10 % of. their, R-values at 20°,.Pb.7.% i 
Cd 2%, Zn.1'5.%. When the curves of the. different. metals are combined. 
in one diagram, they intersect ; equal and homologous temperatures must. 
thus be distinguished. The change by 
application oftheload, B, 


Anorg Chem. 92. 1/2. pp. 87-46, June, 1916.)—Flow has been ascribed to’a partial’ 


a melting.. When a crystalline substance is compressed by a piston which 


does not fit closely, it has been suggested, melting takes place at mach lower’ 
pressure than with a tightly-fitting piston. Theoretical considerations have’ 
been based on such mistaken experiments, ‘According to Poynting *the* 
untight piston sinks a little, when such partial melting takes place ; the liquid 
then Crystallises, and the piston is raised or lowered in accordance’ with’ the 
resulting volume-change. Ostwald argued in a similar ‘way, ‘starting from 7 
Schiller’s view that external pressurc on a liquid raises the vapour ¥ 
Niggli (1915) reached the same conclusion by thermo- 
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ink its melt ‘as to pressure’and temperature had: already 
been shown by Gibbs and Riecke, Tensile: and compressive: stresses, even 
when ‘reaching the elastic limit, have very little influence, which rarely wilt 
exceed the errors of observation. || When ice is compressed by.a leaky piston 
it begins: to flow at an indefinite pressure which depends upon the cross- 
section ;. a sudden drop of the piston occurs only after the pressure p reaches 
the value corresponding to the temperature ; the escaping .water then | 
freezes under 1 kg:/cm?.. The ice under stress would melt under a pressure 
alittle smaller than , but the experimental verification is difficult... Micro- 

possess observation shows that the cause of the flow’ and plasticity is: the 

fort of small polyhedra or lamelize which slip'over one. another. B, 


847, ‘Melting-point of Compressed Crystals. M. Hasseliblatt. (Zeits. 
hong: Chem, 98. 1. pp. 75-88, Aug. 19, 1915.)—Like Tammann [see nd ge 
Abs,] the author criticises the arguments of Poynting, Ostwald, and Ni 
‘The cycle is not reversible. Either there is, at a certain point of a crysta 
pressure acting in all directions, opposed at the surface by the Come: 
pressure of the adjacent phase ; or the counter-pressure is missing, there i$ 
_ deformation by one-sided load; in this latter case, when the liquid can 
escape, there is only tension (Spannung) , not counter-pressure. Cc 


under pressure cannot be in direct contact with a, melt which is not' under 


pressure. Indirectly, however, the condition may be imagined. by realising 

the pressure gradient with the aid of an intermediate phase. The author 

describes an apparatus of this kind, an osmotic cell placed within 4 ‘vessel; 

| filled with the melt and itself containing the same melt and also crystals of 
the substance, whilst the melt outside is further charged with solution of: 

some indifferent substance. The case in natore would be 
that of freezing cell-sap. B. 


ee 


848. Alternating-stress w. Mason, Mech. Eng, ‘je 
pp. 191-159; Disc., 169-196, May, 1917: Engineering,’ 103. pp: 187-190; 
Dise., 184-185, Feb. and pp. 211-214, March 2; 1917.)—A’ ‘systematic 
measurement of cyclic strains during complete alternating-stress tests of mild 
-stecl‘has been made in’a ‘machine specially designed to carryout experiments’ 
undeéf repeated torsion or benditg, or under repeated simultaneous bending 
and torsion at speeds vafying from 2 to 200 cycles per min: The steel used 
was the B.A. 0°12 % carbon’ dead-mild steel [see Abs. 8848 (1916)] and the 
results show that under ‘small tanges of stress there was a narrow hysteresis’ 
loop ‘indicative’ of elastic hysteresis. In repeated bending the max. shear 
stress was nearly the ‘same’ as in repeated torsion, indicating that shear 
stress is the prime cause of elastic failure in both cases and that Guest's: 
law holds for this steel. feature of the range of, “ strain-cycles endured 
curves is the rapid increase of the cyclic strain at the beginning of applica- 
tion of cycles at a given range, greater than that at which the elasticity 
‘remained unimpaired, and the subsequent smaller rate of increase. Itseems 
‘possible that the real max,. stresses are somewhat higher at rapid. rates of 
~ reversal on. account of time effects, The following conclusions are derived 
from the.results :—Mild steel will endure a very large number of reversals of 
a tange stress, considerably greater than the range at which the extra-elastic 
strain appears, which induces a considerable range of extra-elastic strain. 
| suming uniformly varying stresses, the range of stress which induces 

“fracture is greater for solid than specimens, , a 
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> strain has been ‘developed results in a redut tt 


strain. This effect is'similar ‘to! arid 


Bridgman, (Phys. Rey, 9. pp. 188-141, Feb., 1917.)—Describes the special 
methods used in the, ‘preparation of these metals in the form of wire, the 
process of extrusion through.a steel die. under the influence of high pressure 
and.a.rapid rise of temperature being found most satisfactory.in the case of — 
Sb, Young's modulus was determined by cementing lengths of wire into the 
chuck of the; milling, attachment of a jeweller’s lathe, loading the end with a 
rider of known weight, and observing the deflection of the free end with a 
cathetometer. By rotating the.chuck. the effect. of inequalities of, cross- 
section was eliminated. The length. of the wires, was 7°5,to 9 cm., the load 
was 0014 and the deflection varied from 08 to 07 mm. ..The rigidity 
was measured by attaching coaxially to the wire with cement a glass fibre, 
twisting wire. and glass together, and observing simultaneously the amount of 
twist of glass and wire. Then by using the glass’ fibre. ‘sépatately as a 


torsion péndulum with a suspended disc, the’ moment ‘of the force for a’given 


amount of twist of the glass was found, and go the twisting force of the wire . 
It was ‘not: possible to use the wire directly as a torsion pendulum on account | 


values are ‘computed on the assumption ‘of isotropy. ‘It. is 


| set however, that the relation between the constants for Sb is not 


t is possible for. an isotropic material, and the values obtained, therefore, 
are regarded as only applicable in computing strains of the same types as 


those used in the tests and as affording an indication of the order of 


magnitude of the constants which, it is ponies jas are the same as those 
for ordinary grades of glass ode 


B60. “Ait-resistance Measurements, Rendus, 
tie Pp. 147-149, July 23, 1917. )—In apparatus for the determination of the 
resistance offered by the air to the motion of a body through it, it is usual to 
place the body at the end of an arm long in comparison, with the dimensions 


of the, body, and to assume that the motiou is, to first approximation, 


equivalent to a rectilinear translation. The errors involved in this assump- 
tion'are here mathematically investigated, and it is shown that in the case of 
a rectangular plate,’the point at which the relative Speed of the plate'and the 


air is zero is displaced from the centre towards the side remote from the 


axis of rotation, The cases of a (of an cylinder are 


‘Graphical Method Trajectories for High-angl Fire’ ow. 
Dalby. | “(Roy. Soc.; Proc. 98. pp. 888-847, July 2, 1917.)—In a * previous 
communication [Abs. 611 (1916)] the author described a ‘graphical method 

for finding the*time of ‘fight, the range, the angle of elevation, i in fact, the 
elethents of a trajectory, having given the curve of resistance as @ function of 
the velocity, and ‘assuming that the density of the “air was constant ‘at all 
points along ‘the trajectory. The method was therefore only al to 
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described for’ obtaining a’ series of poirits: on'a trajectory of high altitude, 
taking ‘into account the variation of’ the density of ‘the air with height. 
Providing that two curves are given, the problem may be solved approxi- 
by a process of step-by-step’ integration; using the graphical inethod 
‘previously described Gbtain time-velocity “and  time-distanes “curves. 
“These two curves are’: A carve showing the resistance in air’of standard 
density of a shell of standatd form fired under’ standard ‘conditions, ‘the 
resistance being shown as 4 function of the velocity. (2) 'A curve’ showing 
the tensility’of the ‘air ‘asa function ‘of the height: The’ tensility at given 
height is the ratio Yetween the density of the air there and the’ standard 
_ density at sea-level. The solution of the problem is’ given mathematically 
and ‘then graphically, being illustrated ‘by an example giving in‘ detail the 
‘work of determining a point on‘any ‘curves 


862, Fundamental Hypotheses on. ‘the Masses. 
J. Boussinesq. (Comptes Rendus, 164, pp. 667-668, April 80,,1917.)—The | 
author first gives a résdmd of the mechanical principles usually accepted for 
-_pulverulent masses such as a heap of sand. . There exists for each particle of 
a mass of sand, when conceived as: isolated from its neighbours, a natural 
. condition in which no action. is exercised between the grains, each individual 
being then subjected to atmospheric pressure, Departing from this natural 


state the particles can undergo infinitesimal contractions thereby experiencing 


a normal pressure. In addition’ the particles are capable of finite deforma- 
tions without modification of ‘density which are ‘reducible to three principal 
dilatations in three directions at right angles, corresponding to three 
principal pressures, A pulverulent mass acquires a rigidity, or resistance to 
slip, when certain relations between the above forces prevail, and each ‘such 
mass possesses a unique coefficient of slip. ‘The author then proceeds to 
discuss mathematically these various relationships. He finds that the 
tincipal positive dilatation for each particle has an. upper limit A expressed 
ry the formula A = sin ¢/2m, where ¢ is the interior an jle of friction, and s 
is the unique coefficient referred to above ; this upper limit A may be styled 
the elastic limit of the particular pulverulent. mass. The author concludes 
that a pulverulent mass possesses a rigidity mp proportional, to the average 
ressure p, which average pressure, however, is not simply a “consequence 
__ @f the cubical contraction as would seem reasonable at first sight, being pro- 
ris to the sum of the squares of the three principal ee “Ho. | 
H. Ho. 


[Numerous papers. are ‘published in numbers, of the Comples 


858. On a ‘Statistical Dynamics ils in “the 
Quania Theory. M. Planck. (Preuss. Akad. Wiss. Berlin, Ber. 24. pp. BA 
841,.1917.)—In his theory of the Brownian movement, Einstein [Abs, 748 

1906)] has deve a very fruitful .proposition for the stationary state of a 
arge number of similarly constituted systems which are subjected to small 
accidental external disturbances, Later this has been generalised by Fokker . 
[Abs.. 1087 (1914)] that the effect of an external disturbance is dependent 
upon the state of the system. . Fokker, oe has communicated. Sige the 
erms, of his generalised propos thout adding a ee being 
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deferred: the tsitter; whichis. 
statistical’ dynamids,’the present author now puts forth 'a proof. oHé has ‘also 
attempted to develop the proposition from’ the standpoint of the quanta theory: 
so to-afford:a vantage point for the determination of the'stationary state, 

A made; however, for! if! the view ‘be adopted that the 
quanta theory ‘only admits\‘of the so-called’ static ‘states of ‘systems’ when 
properly definite rotation velocities and definite amplitudes;'then 
the: ‘proposition above becomes meaningless, since! it concerns ‘small altera- 
tions’ in state which cannot:occnr if state be already from the outset 
defined :by:a:quanta number. The previous mode‘of investigation has there> 


fone: to be abandoned, since: finite changes from ‘one’static state-to another 


have to be studied. If it be accepted in the quanta theory'that the processes — 
of ‘absorption: follow the Jaws..of the classical theory, and that only ‘the 
particular quanta demands fot emission até to:be satisfied; then the Einstein: 
Fokker propositiot }is shown’ beicestremely’ serviceable’: The: latter 
assumption has therefore been made,:although:the author does not: claim ‘it 
to be absolutely correct from the physical standpoint, since it gives a series 
of phenomena, which appear rather to support the view that the states of 
systems only alter: ‘Spasmodically, spite of every effort, has 
not yet succeeded ‘in finding a definite proof for the inadmissibility of 
continuous changes of state ; on the contrary, his investigation of some of the 
pheniorfiena in dispute has shown these ‘to be: completely inexplicable onthe 
classical absorption laws, and he believes himself to be justified in adopting 
standpoint''so long as no direct conttadiction with experience is” giver 
as this will be the most ‘certain way of arriving’ at the limits of the validity 
the Classical ‘theory. If the’ absorption laws retain their validity, then 
Special ‘hypothesis will be requisite ‘for emission phenomena, which the 


author develops’ in ‘the’ paper and Claims ‘to be of far-reaching service. 


Finally, the Einstein-Fokker proposition has been extended for the case of the 
of a not only on one but on Ho, 


Sci., Proc, 8. . pp. 819-828, May, 1917, )—W hen a ‘solid i is subjected. to a strain 
beyond the elastic limit, its behaviour | may be summarised as follows :— 
L The. application of the stress results in a rapid. elastic yield, which, if 
nertia. be. negligible, is practically instantaneous. If the stress be bat 


removed, the Specimen returns to its former position. (2) This is follo' 
by a slower yielding whose rate, if the stress is not too great, diminishes y 
time, and which ultimately attains a constant value which may be zero. ” If 
the stress be now removed, the specimen returns, almost instantaneously, ‘ie : 
point short of its original position, and then continues at a. much slower rate 
‘and ulfimately comes to rest at a point short of its original position. If the 
stress i is too great, the slow yield may increase until rupture occurs, 
The Paper afterwards gives a provisional attempt to formulate th 
behaviour of substances under stress by the simplest expressions which have 
n found to satisfy all the essential requirements, The formule given are 
sufficiently general to include every case thus far examined, includ 
be ie terials of widely different properties, such as lead, tin, cop  auniniom, 
‘zinc, iton, steel, quartz, glass, calcite, limestone, slate, marble, wax, pitch, 
gelatine, and: rubber, It may; however, be expected that a. more: thorough 
investigation will require modification in the formal which:may be 
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cylindrical this. ia the:only strain -in, which the form: remains na- 
altered. very probable that the laws governing this special ‘type may. 


_ be made to include other distortions such as extension, compression, bending, 
“The changes to be expected from temperature and pressure’ could be 


taken into account by appropriate alterations in the value of the “constants” 
which-enter into the.formulz. . The torque was applied by weights in scale 
pans whose cords came from a light pulley, of radius 8.cm.,on the:specimen 
_ which had a diam. of 12 mm. at the ends, the intervening portion being — 
4mm, .in diam, and 75 mm. long. . The tests consisted in measuring the 


while under a constant torque, 

‘resultant of four elements : (a) The. elastic displacement, (5) ‘the elastico- 


The lost mtion, the return and the 


" 855. Resistance to Motion of Lamina, Cylinder, or Sphere in Rarefied Gas. 
F. J. W. Whipple. (Phys. Soc., Proc, 29. pp. 250-257 ;, Disc., 257-258, 
June, 1917 .)-This mathematical investigation i is carried out on the assump- 
tions that the free paths of the particles of the gas are long compared with 
the dimensions of the moving body, and that the motion relative to. the. body 
of the particles which rebound from it depends only on its penne eae, It 
is shown that, if o, w be. the components of velocity perpendicular and 
| parallel ‘to the surface of a lamina, the corresponding components of the 
resistance are (4 + 2) \/(8/2x)pu[V and 2./(8/2x)pw/V, where V is the standard 
: (root-mean square) speed of the gas-particles and p is the gas pressure. 
' The resistance to the motion of a cylinder or a sphere is found to differ 
very slightly from the resistance to a lamina occupying the central section. 
_ The formulz are applicable to the problem of the damping of the oscillations 
of a system suspended in a rarefied gas. G.D. West called attention to the 
fact that the author's value for the ratio of normal to tangential resistance of 
a lamina was in good agreement with that previously obtained by Knudsen. 
1D. Owen welcomed this work as assigning a more precise figure for the 
‘constant to be used in reducing observations for pressure-measurement 
the method of damping. P. E. Shaw considered the results obtained likely 
| ‘to prove very useful. Each of the three cases (lamina, cylinder, and sphere) 
is applicable to well-known special high-vacuum apparatus. The pressure 
existing at any time in a sealed-off high vacuum cannot be found by the 
McLeod gauge ; the use of the electric discharge method is very rough, and 
may introduce ionisation, de-occlusion, and other troubles, ‘When the 
paratus has a system moving with pendular or torsional vibration the 
decrement method is in the extreme and requires no 


ee Pressure: Karrer. (Phys. Rev. 0. April, 1017.)—This 
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of, Tolman's principle: of are’ in accord with 
(1), Assume we know. from thatthe. kinetic: chergy the 
emitted. from.a metal under the influence’ of. light, minus:a‘constant 
KE is. only, a function f(n),.of the frequency m of the incident light, and is 
independent of the intensity, of the light and of the temperature and‘ special 
properties of the metal. This from 


x being ‘this functional equation must hold for’ every 
. Its solution will be of the form, fin)=hn, where h is a constant ; hence 
E- Ey = hn, which is Einstein’s photoelectric equation. 

(2) Apply the transformation equation to get the relation ‘between the 
pressure exetted ‘upon a body by the radiation incident upon it and the 
density of that radiation. Assume experiment shows that the. 


depends only on the ¢ arg E of the radiation, then » =/(E), and 
since and E’ = must satisfy the functional equation 


That ig where k is aconstant, Itis 


wa that » varies as E. E. H. B. 


857; Experimental Inquiry. into. Lowe the Movement a 
Gas, [Miss] A. Snethlage. (K. Akad. Amsterdam, Proc. 19. pp: 1008- 
1021, 1917.)—In a former, paper, [Abs, 985 (1916)] some to Ein- 
Waste, and. the author. formula, namely, = QRTBIN 
represents the mean square of the displacement which a,“ Brownian particle” 
obtains per sec. in a definite direction, has been derived on the supposition 
that the particle meets in its movement a frictional resistance, and accord: 
ingly B is the inverse value of the resistance factor which is found when the 
particle travels with. constant velocity under the influence of an. external 
force. Statistical mechanics, however, holds that a particle in equilibrium — 
with the surrounding molecules, does not experience a force dependent on 
its velocity, and hence no ordinary friction. The author derives a value for 
&*, which, while not claiming’ gréat accuracy, leads, at feast’ for the Brownian 
movement in a gas, to A? being proportional with 1/a?, where'a represents the 
tadius of the particle. Different investigators have performed measurements 
of 4, however, almost always from the mutual differences of the times in which 
a particle travels a definite distance under the influence of an.external force. 
With movement under an external, force the distribution in space of ,the 


molecules of the medium is disturbed, and it moves for a part with the 


particle, so that the chance to a Brownian displacement upward or down- 
ward will no longer be’ symmetrical. ‘The present author here describes an 
experimental investigation into the validity of the above equation) in which 
the displacement: of. a particle. was measured while the gravity and’ the 
electric: force were in equilibrium with each other.’ In order not’to be 
disturbed: by a small residual. force the movement was observed in a hori+ 
zontal instead of @ vertical direction. The method of Millikan and Ehrénhaft 
and: full- experimental details. with illustrative diagram, 
VOL. %X.—A.— 1917. 
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ice oil (density 0°87); and: potassium mercury iodide (density 2°56); this last 
being used to get a length of radius lying between that of the mercury ‘and 


_ oil particles, For those! particles A*-is' shown experimentally not to ‘be ‘pro- 


portional .to 1/a’, whereas Einstein’s formula, at least as far as the contiéction 


between 2? is concerned, is confirmed. The behaviour of electrically 


New Equation of Continuity. F.G. Keyes. (Nat. Sci, Proc. 8. 
pp- 828-880, May, 1917.)—This paper-presents a pressure, volume, tem- 
perature relation which has been ‘carefully compared with the greater part 
of the available experimental data during the past ten years. The equation, 
valid when only one type of molecule is present, is p = RT/(v—#)— a/(v—l?, 
where log — log — alo, and a, a, and are constants and. Bis, 
constant. 

“This ‘equation is based’ ‘on considerations ‘resulting from. the inferences 
regarding atomic structure, obtained since the discovery of the negative 


‘electron. The model atom consists of a positive central portion about which 


electrons are revolving. The negative electrons are assumed to possess a 
eae in the Aggregate equal and opposite to the positive central charge, 

s modé] atom is essentially the atom discussed by Nicholson and by Bohr, — 
Estimates of the values of the. are, and for 


argon. E, H, B. 


incoherent masses [Abs.''720 (1917)], and the author finds that Lorentz’s - 


859. Einstein's Theory of Gravitation and H erglotz’s M Nord- 
strém, (K. Akad. Amsterdam, Proc. 19. 6. pp. 884-891, 1917. }—Einstein has 
recently deduced ‘his gravitation theory from Hamilton’s Principle [Preuss. 
Akad. Wiss,, p.1111, 1916} by a method differing from those used by Lorentz 
and’ Hilbert. ‘It is here ‘shown that the mixed volume tensor appearing as 
momentum and energy in Einstein's equation Q1 is obtained as’ tension- 
energy tensor when Herglotz’s mechanics of deformable bodies is extended 
as required for Einstein's theory. Lorentz has solved the problem for 


method may be extended to obtain the solution in the case of an arbitra 
elastic’ ‘body by a’ transformation to an arbitrary system of co-ordinates: of 


oP G. W. ve T, 


‘Relativity, B. ‘Wilson, “Astrophys. J. 45, 
, 244-258, May, 1917. }-Notes are given of certain points in lectures on 
instein’s work given to physical Harvard, 

co-ordinates, relativity, and gravitation, P. 


“861, On Facobi's Integral in ihe Restricted Problem Thee Bodies. 


(Math. Phys. Soc., Toys, Proc. pp. Jan., 


# 


Mathettatical, 


98. pp. 878-898, July 2, 1917.)—Describes a number of experiments on jets of — 

mercury and. other liquids. In the first-set of experiments mercury jets of 
different diameters and surface tensions, falling into aqueous solutions, were 


used. « The density and viscosity of the jet-fluid remained-unchanged; “It was 


velocities occur, and for any pair of jets: correspond: 
ing critical velocities are. connected by the relation’ uy 3:95 == 
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respectively the: surface:tonsion and diameter of the 
jet. The view is taken that the critical velocities have'their‘origin in’certain 
known: peculiarities of: fluid: motion which, ‘the authors stippose,' caiise'com* 
paratively: sudden changes, at particular velocities, in the ‘initial:amplitude of 
the disturbance under which the jet breaks ‘It has' then been found 
that ‘the ratio of the-initial to’ the final (disintegrating) ‘disturbance is:the 
same, at corresponding critical points, for all the jets examined: The changes 
occurring at.such \critical: points afte this always Of ‘exactly:the same nature. 
Change. of diameter or of surface tension merely alters thé velocity’ of ¢fftux 
at which each change occurs. Further, these regularities are not confined to 
the critical points. The sequetice of changes’ of initial amplitude between 
these points. is again always the same, In:conséquence, for any’ pair’ of jets; 
the. initial, disturbance is the same fraction of the final disturbance for any 
pair of velocities whose. ratio is /(os/ds), and, these: 

jet lengths’ are inthe ratio: 

The. second set of experiments imay be as: 

between the first set and the well-known experiments of Savart,) oe 
of the same kind as before were used, but: the jet liquid was now surrounded 
by air... Using mercury:and water; ‘the relation |‘ v,a(e/pd)" was tested and 
found. to be nearly true. The mercury jet had similar properties to those 
previously studied, as. before, between: the critical velocities di/dy in- 
creased as v increased. Water behaves differently.’ Jets of diams, between 
0°18 and 0°5 mm. were examined, and the following results were obtained :— 
Between the critical:points‘each Jy curve forms part)of.a straight line passing 
hrough the origin, Hence for. each jet == = constant, where t.is 
the time of disintegration, i¢. the time taken by. each ‘element ofthe liquid 
to, pass from the top tothe bottom of, the jet, The value of this constant 


increases. with the diam. of the jet, but when i/d is plotted, against v./(pdje) 


the observations. for all the, jets fall. upon, the.same, straight line,:, From. this 
it follows, that Hd + == 1,/(a/pd*) has the same value 
for all the jets, The cause.of disintegration is taken.to be the disturbance 
which originates at the, orifice, and Rayleigh’s, theory leads, to the.result,that 
the rate of growth of this disturbance. is. given by where a is the 
initial amplitude, & is.a constant, and r isthe time elapsed since the disturb- 
ance, began... If, this theory is applicable,. the. ratio. of the: initial to the final 
amplitude for each jet is given by e—“(/e#), and is therefore the same for 
all, since: it has been found that (e/pd*) is constant., . The initial. amplitude 
is, apparently, a,constant. fraction,of the diam..of.the jet,, . As, Rayleigh has 
pointed out, some: of. Savart’s results suggest a simple-relation of this kind, 
while others suggest that the relation is more complicated. The. present 
experiments indicate that; if narrower jets. been used: by. Savart,: the 
simple, relation, would have sufficed. to define 1eir behaviour... The*critical 
velocities, if.they exist, obey.a different law. when, asin Savart’s experiments, 
the. liquid escapes. through a sharp-edged ‘hole in ‘a. horizontal:piate:.. The 
critical velocities observed in the present experiments owe their existence. to 


863, Ge. Kadel Abbe. “(Monthly 


Weather ‘Rev, 44. pp. 674-677, Dee’ 


pattern for, measuring the.daily depth of water evaporated.from a free water 
surface, have been. installed at 24 stations of the U.S, Weather Bureau during 
the: past ‘two, years. . and air, temperature, 
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fainfall; of ithe wind just above the rim ate 
also made daily at each station. The evaporimeter consists circular pan 
4 ft. in diam.and.10 in. deep. . It iskept filled with water to within 2 in. from 
the rim, and is built-upon a: wooden ‘base ‘in:such a way that its rim 4s not 
less than 16 in. above: ground-level. Inside the: pan, and ‘abouta’ foot oni 
its northern! side, stands:a still-well,in' which the level. is accurately deter- 
mined of:a hook-gauge. ‘The still-well consists ‘essentially of 
brass tube in. high and ‘8} in: outside diam: fixed" to a base which can be 
levelled by three levelling screws bearing’ upon:the bottom ofthe pan.’ The 
tube is connected: to the water in the pan by a small brass pipe: The hook- 
gauge rests on the upper ¢nd of the still-well and consists of a hook — 
_ suspended from a graduated scale which is moved up and down relative to 
the still-well by a micrometer screw; ‘The method of observation consists‘in 
lowering the hook by means -of the micrometer screw until its point’ is 
submerged, and then raising it cautiously until the point just’ breaks through 
the water-surface.. The reading to the thousandth of an inch is taken 
from the graduated scale and the micrometer screw. = 
_ Observations are made daily at‘a fixed hour, about. 7 deny the 
amount of evaporation for the previous 24 hours is taken to be the difference 
between yesterday's and to-day’s hook-gauge' readings pius tte rainfall 
measured at the time of observation, The observations: er ‘at the 
864. Nuclei of Cloudy “Aitken. (Roy. S66: 
Edinburgh, Proc. 87. pp. 215-245, '1916-1917.)—The nuclei of the atmosphere, 
formerly termed by the author dust particles, but now recognised to be vety 
much smaller than the ofdinary particles of dust raised in a wind, have been ; 
_the’subject of a good deal of investigation. Of-late it’ has been definitely 
stated by some workers that thesé nuclei are’ meré aggregations of ions an 
not:of the nature’ of dust’ particles.' The present ‘investigation ‘was’ 
out to test this theory,and incidentally: many ‘subsidiary experiments: were 
made, A new piece of apparatus was ‘devised in which the satdrated sample _ 
of air in a test flask could readily’ and almost instantaneously be expanded; 
and thus given any degree of supersaturation within reasonable limits. The 
“size” of the nuclei is measured by the degree of supersaturation required to 
produce condensation upon them, a 2 % expansion of the air in the test'flask © 
being sufficient’ to cause condensation upon the larger tinclei, while ‘higher 
degrees of supersaturation are required’ for the smaller’ onés, until a 
expansion is required to produce ‘condensation’ on individual: ions. “The. 
“size” of the nuclei measured ‘in this way does not net i jy mean the 
dimensions; though probably not farfromit: 
‘With the aid of the new apparatus, tests were the’ of hese 
on different materials‘as' 4 nucleus producer. “It was found ‘that when 
any material became sufficiently heated to Cause an alteration in the flame in 
contact with it then nuclei were produced. ‘This held’in the case of glass, 
porcelain, aluridum; and also with copper and other metals. This production 
of ‘nuclei from heated surfaces affords some explanation of the wearing away — 
_ of bars of grates and linings of furnaces in cases where these are not exposed 
to friction. ‘Sothe metals, as magnesium, were found to have the power of 
producing nuclei when‘cold, whilé’dthers,'as aluminium, Had little “effect: 
Experiments with ordinary air and with the pure'air found in’ the er 
‘hood:‘of Loch Awe’ both” showed that whereas large nuclei ‘were: pre 
small nuclei: requiring more than expansion ‘to’ 
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ion upwards would be expected., Some tests were made with air:ionised ‘by 
means of radiam salts; but even after long intervals extending up'to.a:day no 


tendency was observed for the ions to combine and:produce largé‘tiuclei. Tt 


is therefore.considered as, proved that the ‘large! ions of the atmosphere’ 
are in reality nuclei to which an ion has become attached and given up ‘its 
charge. ‘The paper contains detail: informiation: which ‘¢annot be 


865. Types of Anticyclones United States their Avtrnge Movements, 
E. H. Bowie and’ R. H. Weightman. (Monthly Weather Rev. Suppt. 
‘No. 8-25, 1917. The present paper deals with the anticy¢lones of the 
‘United States along the same general lines followed in a, previous. paper 
(Abs, 585 (1915)]. Beyond a statement of published views concerning, the 
forces that originate, maintain, and propel anticyclones across. the. United 
States at a rate of speed that jis little less than that of cyclones, no attempt. 
is ‘made to deal at, length with theories concerning their origin, etc, It 


a. is largely statistical, with, however, brief descriptions of the types of anti- 


Great Heights. A. Wigand. (Phys. Zeits. 18. pp. 287-240, June 1, 1917.)— 
Observations of the positions of the neutral points of Arago and Babinet 
were made in the early morning of 8rd May, 1914, from a free balloon. The 
balloon ‘started from’ Bitterféld at 8.14 a.m., Middle European time, 
observations of polarisation were obtained from 8.59 to 5.85 am. d 
which time the balloon rose from 8100 to 5850m. The angular distances 
of Arago’s point from the anfisolar point are plotted against the elevation of. 
the sun and compared with corresponding observations made on the earth's 
surface, showing that the ‘elevation from which the observations were made 
did not affect the position of the neutral point. Similarly the distances of 
Babinet’s point from the ‘sun are Shown to be unaffected by variation in 
height of the point of observation, within the limits of accuracy of observation. 

The conclusion provisionally drawn from the few observations available 
is that the phenomena of polarisation do not belong exclusively to the lower 
layers. .As they show no appreciable change in the first 6000 m,, they are 
possibly to be considered ; as a property of the stratosphere... R Cc, 


967. I nfluence of Intense and Prolonged. Bombardment on Rainfall. H. 
(Comptes Rendus, 164: pp. 618-616, April 28, 1917.)—The 
question whether ‘bombardment: can produce rain ‘is’ still’ an open’ one. 
Certain: possible physical processes ‘which might be adduced in support of 
the hypothesis are set out,and the conclusion ‘is drawn that the influence 
of artillery is admissible, but that in general the quantity of rain produced 
by bombardment is ‘smaller than that due to processes’ which determine 
ordinary changes of weattier. The physical processes referred to depend 
upon: condensation by ionised air which is produced in various ways as ‘a 
result of bombardment. 
In a note on the above, G. Lemoine (Ibid, p. 615) expresses the ion. 
that any rain produced by explosions could only be light and local. a ey 
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‘Deslandres has dealt with: the-immeditte offectsof explosidns, 'hé 

himsself:considers thab there may be effects at a considerable distance: from 
the area of bombatdment, and ‘cites ‘the case ‘of ‘Le Mabvut, who, during the 

Crimean. War, gave dates'of the most important battles from the meteoro- 


logical effects: observed: in: France; in: advance of direct information ‘ftom 4 


C. T. R. Wilson has shown that a “fourfold “degree of super- 
saturation is required for the negative ions, and a Raemivg) sacle higher degree 
for’ the ‘positive’ iéns, Aitken and Others have, that super, 
satiifatiori 1s: ‘impossible $0 long ‘as there aré any’ of dust, or ‘Of cer 
gaseots Stibstances in the Bir. “Aitken tas further ‘that dust is presen 
in appreciable quantity ih ‘every sample of air Which he: ‘examined. ‘Some o 
these samples ‘taken!’ from the tops of high mountains fat from towns, 
Consequently, we ‘cannot suppose that ‘ions are the immediate cause of any 
condensation ‘produced’ by bombardment. It impossible to ascertain 
definitely ‘whether bombardment can produce rain Of hot, ‘becatise we cannot 
determine in'any specific casé what ‘the ralnfall “would have been in the 
abseride of boinbardinent: “There is a very widespread notion that bombard- 
- ment may exercise an influence on the weather, but no rational account of 
the complete process has been put forward... The which 
ailable does not support the proposition. ] RG 


“888, The Arithmetic Mean and ‘the Middle” Valusof Gertain Met, 
servations, cker. . Roy. Soc. Edinburgh, Proc, 87. pp. 210-214, 
}—The max. daily temperatures observed at Glasgow Observatory. 
over a period of 48 years have been taken, and the distril ution of these about 
_ their“ middle” value calculated for each day of the year... It is found. that 
the’ distribution is not normal, but that from March to Oct. the extremes of 
high témperature lie much further from the. middle value than. the. extremes - 
of low tem ure, the scattering in Sept. extending 10° F, further on. the 
- positive’ side than on ‘the negative, In the winter, on the contrary, the 
scattering extends 8° further on, the. negative side than on the positive. 
When all days of the year are taken together this lack of symmetry dis- 
appears. The ‘difference “Middle temperature Mean temperature” "is 
found to vary from + 0° F. in Feb. to — 076° in ‘Ang... 


Alternate Deposition of * Raukreif” and “ Raukeis.” ‘W. ®. Blair 
(Monthly Weather Rev, 45, p,19, Jan., 1917.)—A. photograph (reproduced in the 
paper) of frozen precipitation on a twig, shows that alternate layers of snow 
crystals and transparent ice were built up on. the windward side of the twig 
during a night of fog when the temperature was below freezing. A wind’ of 
17 miles/br. was, blowing at the time, _ The author snggests that variations in 
the sizeof the: water drops composing the fog were the: cause of these 
alternating layers: The.larger drops broke up on coming in contact with 
the twig and spread gut before. freezing, into a.transparent ice layer, while 

pe 


870. Internal Sciches the in Lake. 
| ikoisu. (Tohoku Univ., Sci, Reports, 6, pp. 81-40, June, 1917.)—The party 
Of summer tourists who are for this paper tha, the 
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repeatedly reported on, by, Honda and others, another casé where they ovcur. 
may, seem) superfipous.... They. claim, however, that moreslight has been 
thrown.on the nature of the..internal. seiches by the present: example.’ ‘Phe 
special feature noted has been |the.existence-of another kindof. temperature 
change whose, appearance is due to. the slow variation of ithe méan depth of 
the discontinuous. layer, in addition to ithe. :temperature-change diie! to: 
ordinary internal jseiches,, A:\very illustrated 
by, numerous diagrams and 
The Glacial-control, Theory of Coral R.A. Daly...(am, ‘Agate 
roc, 51, 157-251, Novy., 1915.) —The narrowness.of the,coral,ceefs ‘about 


the Ha awaiian, islands suggested that. they. were geologically, very young, and 
e.discovery, that a. considerable, glacier. had. left its, traces,on, Mauna, Kea, 
rectly : indicated a possible connection between. the youthfulness of the, reefs 

and the former climate of the archipelago,.., ‘From. this study the. author, has 
evolved his glacial-control theory, which emphasises the Pleistocene as 


period, of inhibited. coral growth, the bulk of the.erosion which has: affected: ne 


the oceanic plateaus being clearly pre-Glacial in date. The. present.paper 
commences with an outline of the theory together with a review of previous 
work=bearirig .on ‘the subject. Pleistocene temperatures ‘the ‘Tropical 
Ocean are considered: together ‘with ‘the lowering of ‘sea-level by Pleistoctiie 
glaciation, the, consequent diminished volume of ocean water,and thé 
influénce of ice-caps;" The conclusion is‘drawn that; at ‘the'time 
of max. glaciation, the tropital'seas probably had ‘an’average level which wa 
60 m, to 70 m. lower than at the: present time.’ Islands and‘continental shores 
during the Glacial period are next dealt with, this section ‘including’ the 
character of the shore rocks and the heights of the Pleistocene islands. It 
appears that most oceanic islands, at the time of max. glaciation, were (a) low, : 
with the height of the land above sca ‘after the shift of. séa-level rangii 
between zero and a value little greater than the vertical (downward) shif an f 
sea-level ; and (6) composed of generally weak ‘material—detrital embank- 
ments $urrounding or covering an eroded central mass of decayed volcanic. 
rock, which itself was likely to be weak also because of the presence of ash- 
beds.’ The encircling talus embankment carried veneers of coral-reef mate ial 
of varying strength. The néw’coastal plains along the edges of continents and 
- greater islands wére all low and mostly composed of very weak materials. Tt 
is probable that these gigantic embankments were only partly veneered with 
massive material and, such comparatively strong rock was in danger of under: 
mining and rapid déstruction as soon as the sea-level fell 45 m. or 
because of glaciation in higher latitudes. On the other hand, the high volcanic 
islands were young and any wave-benching in their ‘strong massive lava wars 
‘be much slower than in that of the older islands or of the continental yah 
The fiext'section ‘deals with the origin of the coral-reéf platforms and inclu 
the Size of the actual platforms, the pre-Glacial history of volcanic islands, the 
duration: of Pleistocene #brasion, the rate of Pleistocene wave-benching, the 
depth of the Pleistocene’ benches below the present sea-level, the depths of 
lagoons and of coastal shelves in stable areas, and the testimony. of islands 
uplifted in post-Pleocene time, ‘The latter section is illustrated. by’ humetous 
tables and diagrams. The origin of the existing reefs then receives detailed 
atténtion, including the consideration of the colonisation of the platforms, the, 
m jouer growth of the reefs, special development of reefs at. the.edges of plat- 
forms, drowned atolls and other banks, and the. voluaes oo. the existing reefs, 
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Here the youthi of Abe: on the glacial. 
control theory. The objections to'the latter theory are éxamined with care 
under the sub-sections of Glacial lowering of sea-level within the tropics, 
Restriction of reef corals by Pleistocene cold, Genéral crustal stability in the 
cotal-sea areas; Sea-cut platforms and drowned valleys outside the coral seas, 
Drowned valleys of the coral islands, Pleistocene cliffing of oceanic islands, 
and Biology of oceanic islands. The difficulties of the subsidence theory next 
receive. attention, the sub-sections being :—Altérnative subsidénce theories, - 
Uniformity of the assumed subsidence, Alleged proofs of current subsidence, 

_ Permanence of the Pacific basin, Small maximum depth of lagoons, Flatness 
of lagoon floors with comparison of depths in lagoons and on banks, Psycho- 
logical influence of classic diagrams, and the Test by boring through reefs, | 

_ Numerous diagrams are given in’ illustration. This latest theory by no means 
excludes belief in the importance of pre-Glacial marine erosion in pr 
the reef’ platforms. The existing reef-coral species” ‘appear to have been 
during the Tertiary period, 
«The Glacial-control theory has as the first éystemative 
attempt to show where and when the uniformitarian principle : as applied to 
the life conditions of reef-building species breaks down. H. Ho. 


Dédermination of Solar Motion by Least Squares, Manson, Jr: 
(Astron. J. pp, 149-154, June 4,/1917,)—A modification of the ordinary 


. . method of analysis by the formation of normal equations, but without making 
- use of the law.of error, is outlined, and illustrated by the problem of obtaining 
a the direction and velocity of the sun with regard to the geometrical centre of 
mass of the system of the the methods of 


878. Minute Structure Haleand F. Ellerman. 
| ee ae Acad. Sci., Proc. 2. pp. 102-108, Feb., 1916.)}—A short summary is given 
| f the result of an extensive investigation of spectroheliograms showing the = 
cture of the solar atmosphere at various levels in comparison with that of 
the’ low-lying photosphere and sun-spots. For the photosphere Langley’s 
ial | fice grains” and “granules” are still the best standards for denoting the 
minute structure, the granules being about 0°8’’ in diameter (say 180 miles). 
Pho otographs taken with the spectroheliograph i in calcium light can be made 
to show details at different levels according to the slit setting. The smallest 
| calcium flocculi observed are less than 1-0” in diameter, In the case of the 
est levels shown by the dark hydrogen flocculi in Ha light, the smallest _ 
flocculi are about 2” in diameter, This seems to, support the view that the 
photosphere and gaseous atmosphere above it are formed of columns of hot 
Sases, rising by convection from the interior of the sun. To illustrate these 
differences of level a stereoscopic picture is given of a dark hydrogen flocculus. 
floating over the region of a a spot group on 1915 Aug. 7 ; the vortex action 
of the spots is also well shown by the bending of the hydrogen flocculus near 
the spot umbrz. It is concluded that the minute structure of the quiescent 
solar atmosphere resembles that of the photosphere. . In disturbed regions, 
the small granular regions are replaced by slender. gana lying side by 
resembling the structure of penumbrz of sun-spots. . Be 


874. General Form of the Lunar Surface. P.Puiseuxand B. Jekhowsky. 
(Celt Rendus, 164. pp. 562-567, April 10, 1917.)—Photographs of the moon 
on a large scale have been impressed with a réseau, and the radius measured. 

_at intervals of 16° round the limb. ‘These measures, taken at 
VoL. XX.—A.—1917. 
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wit bration, see ge determinations of he gent ntot 
of ‘the moon's limb as'seeh from the earth! Several positions of excessand 
defect ‘are ‘noted, but no systematic inequality’ greater thait| 1500 m. appears 
to’ bé present: In the case'of the earth, the polar 
deformation give rise to much greatet differences: 


“876. ‘Motion ‘of Perihelion of Mercury. Silberstein, AStron. 
77. pp. 608-610, April; 1917.)—From: the early work of ‘Le Verriér. 


has Been known that the motion ‘ofthe perihelion of Mercury was. 


in excess of that accounted for ‘by’ the perturbations due to the other planets 
of ‘the solar system, and ‘recent determinations‘ give’ the excess of motion‘as 

48" per century. This amount is closely predicted by the formulz of Gerber’ 
[Zeitschr. Math. Phys. 48. bp. 98-104 (1898)] and Einstein [Abs. 858 (1916)]. 
Formnuls are déveloped in the presént article from what the author styles ‘the 
“old” theory of ‘relativity, given’ by Einstein’ ‘in’ 1905 atid elaborated ‘by 


‘Asteroi B. Nicholson and 
Shapley. (Astron, 80. pp. 197-128, May 5, 1917 .)—Definitive elements, 
for the .orbit. of a: small, asteroid are, obtained. from.photographs.taken at _ 
Mt. Wilson during Sept, and Oct.:1916., Inferences are made’as to albedo. and. 
colour index, which, may have to be revised, but on the assumptions made 
(albedo equal to, Mars and. the, brighter tha observed, 
to a diameter. of, only 2 or, 8 miles... 


877. Light-changes of B Lyra. P. Guthnick (Preiss: 
Wiss. Berlin, Ber...12. pp, 222-242, 1917.)—Observations have been 
with. the, photoelectric ‘photometer at Berlin-Babelsburg, dealing 


Orbit of: Krueger, 60: J. 80. pp. 191188; 
May 6, orbit determinations of visual’ binaries are based on 
the relation that the observed positions of the companion must lie on an 
Comstoc ted out many years ago that the time is known more 
than data of. observation, the present determin 
is made to illustrate what advante s may be gained by taking full account O 
the dynamical relations between hé coordinates and the time. The system 
is noteworthy on of its large and rapid: 


“879. Orbit of pp. 128-1 
May. 6, 1917.)—This system consists of a Close and nearly equal’ pair’ (5° 
68 mag.), and is a good example of a binary whose orbit is turned oe | 
sdgewise towards the earth. The observations available from 1887’ are dis- 
cussed, and a set of final elements given. An ve is added for. future 
)bseryations up to 1927, The period is about years, PLE 


Parallax of Large-Proper- Motion Star. has Mitchell: 
(Astron: J: 80. pp. 126-127; May 5, 1917)—From measurements. on seven’ 
photographs taken with the 26-in.‘ McCormick refractor of the University of. 
Virginia the parallax of this remarkable star is found to ‘be # = +047". This . 
result ‘is in excellent agreement that obtained: 
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| Brit. Astron. Assoc.,..Ji April, 1917., Nature, 99.. p. "908, ‘1917. 
Abstract.)——-The: parallax found. for this interesting star, whose, proper, motion 
is;unusually large, is 0°52’, This star thus becomes,second ‘te b 


Origin of Star Glusters. _E. (Comptes. Rendus,: 167,: ppy-618- 
515, March 26, 1917,)—The: possibility: of; star, clusters: being produced by 
some such vortical disturbance:as appears in the case ofthe solar system.and: 
the spiral. nebule is: discussed, and several: formulz.are given which appear, to 
support the. idea ithe: of the: stars,and 
‘Radiation. “of the Si,Eddington,. (Nature, 99. pp, 
810, June 14, 1917.)--An,, attempt. is .made.to determine analytically 
Conditions ,of ,stellar' radiation, on the.assumption that the;internal; state may 
. be considered similar to that of a perfect gas. Assuming a molecular weight. 
of 54, and a specific heat ratio of 4/8, relations of temperature and absorption 
are‘found which are manifestly untenable. To avoid the difficulty, the effect 
_ of the’ pressure’ of radiation is invoked, and this brings the effective’ 
tures for’ stars’ of differetit spectral types’ ‘more within the limits of possibility, 
the conclusion being’ stated’ that ‘the effective temperature of a giant star’ 
‘Oportidiial to’ the sixth root of the density.’ “The total radiation will 


‘on not’ on’ the density of stage of evolution, With'a 


Secuta? Changes in Stellar Proper Motions. F. 
| ji ‘80. pp:'187-188, May 8, 1917.)—Several stars have béen discoveted i in recent’ 

years, having such large parallaxes and proper ‘motions that it may ‘be possible 
#6 obtain reliable values of the secular changes in proper motion, parallax 
and: radial_velocity caused ‘by the: star’s The meonesary 


‘Parallax of Prope O. J. Lee. ( stron 
80, p. 188, May 8, 1917.)—From nine ‘photographs taken with 
‘Yerkes refractot during 1916-1917 the pre ry, value for the 


Theorelical Duration of the Green Ray, G. (N. 
imento, 7, pp, 157-165, Oct. 1916,)—Mat | discussion of the duration 
of the green ray, affected by, the latitude of the place of observation 
the solar. Seclination,, Fon effect of causes see. I 


Bight ‘Stellar Specti Shapley, | Acad.’ Se, 
oc. 2. pp. 208-209, April, told to test the general Mac of Cephei 
of representative. variables.of this class have 
made with.a 10-in, portrait lens and objective prism at Mt, Wilson,,, The _ 
periods range from 9 hours to 27 days. table is given, showing, for.eleven. 
stars, the: definite change. of spectrum. from,,maximum..to, minimum ; the 
changes, moreover, are lines; of the. scheme of. the. 
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Proc. 8. ‘Pp. Jat., 1927:)}—A’ method ‘has been developed for tiéasuring 
star colours, ratiovof the exposure:times necessary for blue 
and ‘yellow’ light® res to’ produce images of the [Abs.: 470 
(1917)].'” Results ‘have ‘been Obtained ' for 86° of the! ‘North: Polar-standards 
from ‘photographs taken‘ with the 60-in reflector at Mt.Wilson.: “Precautions 
have been taker to use plates of the same emulsion for all-comparisons of the 
series. ‘Ttis thus found that the colouts'of the polar standards arenow known 
with about precision ‘as the smagnitade scales.’ An interesting resalt 
is ‘the confirmation of previous ‘conclusion ‘that there are no faint ’staps in 
this region having negative or small positive colour-indices. Pu B, 


Proper Motions; Radial. Motions and Magnitudes of B and. A Stars. 

DisPetrine.. (Nat; tAcad. Sci, pp. 289-203, May, 1916.)—It.has_ 
already been’ shown that whereas: ‘there is,a-decrease of proper, motion with 
decreasing brightness in the Bistars, the radial velocities, show an, increase,and 
this feature is still more pronounced inthe A(stars. . Tables are given: showing 

relations of proper motion, radial velocity, and magnitude for. classes |B and 
A, from, which itis shown :that. the} radial, velocities,.appear,, to decrease, 
in general, with increasing. proper,:motion. ,The velocity distributions, of 


classes. B-B5, and.A differ fromthe distributions 


given by Kapteyn and Adams,-asd appear, tobe more-in accord with. 


well’s law. There are indications of:a small abrupt change in the: velocities — 


both classes i in the smallest proper. motions [Abs. 1012 (1915). P. 


880, Proper, Motions and Radial Motions of B Sig 
Persie: (Nat. Acad, Proc, 2.. pp. 202-204, May; ‘1916. 
analysis. of; the: proper motions. of stars a, systematic. difference is, 
between the values in, the region, about 0h. and that opposite, and.it appears 
that these regions are almost at right angles to.the, direction of.,solar motion. 
The solar velocities derived from northern B stars are. smaller than those from 
southern B stars, ,These,results lead, to the. suggestion that there may be’ — 
a general motion of rotation: of the. system of 


891. Orbit of Hercules. Comstock: (Astron. 80. 1892148, 
tay 24, 1917.)—This binary star has now been well observed over more than 
two revolutions of its orbit, but the adopted elemétits are tot ‘yet in agree- 
ment with the observed places, indicating that, some.undetected factor is.still 
outstanding. To, explain. these discrepancies! Lohse has suggested that there 
may be systematic errors of observation, and Lewis..thinks there, may have 
been substantial changes \in the orbit itself, i.¢., a progressive increase in the 
major axis and eccentricity,:and an oscillating value of the periodic time, . In 
the present. note all the available material from, 1826, to.1916 is,investigated 
from these points of view, and a table is given showing the resulting correc- 
tions, with a paragraph describing the ' peculiarities of;individual observers. 
From ‘the combined corrections a new set of definitive elements is given, 
taking the period as 84°46 years, These. show that with undisturbed motion 
the agreement with observation would be fairly satisfactory.” Small irregu- 
larities are found which may ‘be well reépresénted during the three-quarters of 
a century of observation as ‘the effect of an invisible ET having’ a 

time of 18 years. and an amplitude 1 less than 0°21”. P. B. | 

892. Mea Stars of Different Dyson: | 
G. Thackeray. (Roy. Astron. Soc., 77. PP. 
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Proper: motions have; been determined >for nearly 12,000 stars in the region 
424° to: + 82°, by comparison of, Greenwich: observations 1906-19165 
with ‘the. A.G.C, catalogues..and _the earlier observations of Bessel and 
Lalande. The) difference of, epoch is. generally 80-40 years; the, number 
of stars’ compared with Bessel. is about 7000, with an interval: of about 
80 years; with Lalande about 4500 stars with an interval of approximately 
120 years... The discussion of the results.is given with relation to magnitude, 
a formula:connecting the mean parallax and, magnitude being derived, and a. 
table shows the mean -parallaxes of stars from. 6:0 to. 10°6 magnitude, with 


«898. Radiative Equilibrium of the Stars. A. Eddington. (Roy. 
| Astron: Soc, M.N. (77. pp. 16-85, Nov., 1916.)—The theory of radiative 


@quilibrium’ of ‘astar’s atmosphere outlined by Schwarzschild in 1906 is 


applied ‘t6 the consideration of the internal physical conditions ‘by suitable 
modifications of the formulz. Taking the case of ‘a giant star of low density 
the calciilations on the idea of a perfect gas lead to a temperature gradient so 
a that the outflow’ of heat would: be enormously greater than observa- 
tion indicates' This’difficulty is avoided by assuming that the radiation- 

_ pressure may neutralise the gravitational effect at interior points, and by 
B:. 


Twelve Globular Clusters. G. ‘Pease and 
H. Shapley. (Mt. Wilson Solar Obs., Contrib, No. 129. ' Astrophys. J. 45. 
pp. 225-248, May, 1917.)—Counts have been itiade of more than half a million 
star images on a series of plates taken at the Mt. Wilson Solar Observatory 
with the 60-in. reflector, and’ the discussion of the results has been made with 
the view of detecting the presence of galactic planes, indicated by elliptic dis- 
tribution of the individual stars; Of the nine clusters for which definite counts 
available, five show élliptical form, three appear’ sensibly circular, 
peculiar. Previous failure to detect these ellipticities is ascribed 

to the uence of the brighter stars present in the clusters. The axes of 
symmetry do not appear until the arrangement of several thousand. stars 
is analysed ; then the.ellipticity appears at all distances from the centre, and 
fox all magnitudes, after the giant red stars are excluded. CC. P. 


805. Systematic Motion among Stars of Helium Type. B. Boss. (Nat. 
per Sci., Proc. 2. pp. 214-216, April, 1916.)}—The zone of sky containing 
all the heliutn stars has been mapped into twelve arbitrary divisions, and the 
motions of the stars im each area treated Statistically, giving curves showing 
the residual preferential motions in the sky. ‘There appears to be a. strong 
tendency for these’ stars to move in their own plane, but there are numerous 

instances where stars tend 'to spread in other directions. There seems to be 


Variability of Uranus, Camphell. ‘(Harvard Coll. Obs., Circular 
No. 200, Observatory, No. 514, p. 288, June..1917.)—Photometric observa- 
tions of the planet Uranus show that its light varies by about 0°15 magnitude — 
in a period of 0-451 day. This period agrees with that of the planet's rota- 
_ tion determined spectroscopically by Lowell and. Slipher, and it is concluded 
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Si, Proc, 2. pp. 1-8, Jan.,'1916.)}+The forms | produced: by rotation under 
known gravitational laws of a'mass of nebulous matérial of assumed form are 
computed, the resulting scheme being a double-armed 
to many known nebulze, CP. B, | 

Absorption of Light in Shapley. (@atuAcad. Seis, Proc: 

12-16, Jan., 1916, and 8; pp. 25-29, Jan., 1917.) Continuing his work. on the 
studies of magnitudes ‘in star clusters ‘[Abs. 786 and 756: (1917)], a. descrip- 
tion is given of the preliminary investigation of the amount of absorption of 


ding ~ light in space. If this is due to molecular scattering it will vary as the fourth 


power of the wave-length; and thus the effect being’ greater for blue than for 
red radiations, the method of colour indices gives a direct itidication... In 
order to eliminate the unéertainty of a possible distance’ effect in taking 


isolated stars, the stars in the cluster M 18 are investigated, and fromthe 
fact that many negative values of the colour indices are found, it is concluded 


0G, BEB. 


Sequence of Spectral Types in Stellar Evolution. H. Shapley. (Nat. 
Acai Sci., Proc. 2. pp. 15-18, Jan., 1916.)—Taking colour index. .as an indica- 
tion of spectral type, the relations of the various stars measured in the photo 


_ ‘Staphs of the star cluster M 18 at Mt. Wilson are tabulated with respectto 
magnitude and type. The conclusion is that giant second-type stars are — 


present in large numbers in the globular clusters, and that on the average 
among the four or five brightést magnitudes the brighter the star the redder 
the colour. The opposite is the case for the dwarf stars, where it is thought 


aad smaller with age: C. Py B. 


(Roy. Astron. Soc., M.N. 77. pp. 521-526, April, 1917.)—In con- 
nection with the possible mutual effect of: photographic. images [Abs. 941 
(1917)] 486 double stars have been examined in the Oxford series, and from 
comparisons with the visual observations made by Burnham it appears that 


_ there are systematic errors in photographic measures of close pairs. CPB 


901. Determination of Constant of Aberration. Hough. 
Soc., M.N. pp. 484-602; April, 1917.)}—-During. 1011, the, new 
reversible transit-circle of the Cape Observatory was devoted exclusively 
to the observation of a series. of: close circumpolar.stars, and a, provisional 
discussion [Cape Annals, 12. part,8} dealt with the utilisation.of the material — 
for the determination of the constant: of aberration... No, special provision — 
had been made, however, to secure the observations under the most favour- 
able conditions for yielding large; aberration factors... In the present note it 


is suggested how the programme of observations may best be modified with — 


a view to repetition, and the observations are treated more rigorously in the 


of four determinations from different. arguments. 


Proper Motions with Blink-microscope. R. Innes, Obs. 
S. Africa, Circ. No, 87 a7 BP. 288-800, Feb. 28, 1917.)—Examination of 28 pairs 
of plates from the Melbourne Observatory, with time intervals varying from 
15 to 28 years, has furnished a considerable number of large,proper motions. 
These are tabulated in order of R:A. with detailed notes of the -plateymeasure- 


ments. 
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these:regions has previously been examined ‘by in the ordinary way; 


$s Africa, Circ, No. 87. p. 800, Feb. 28, 1917,)—Examination of plates of the 
région ‘of '-R..'Corona Australe taken!on’ July 19, 1916, and’ July 28; 1914, 
resulted inthe detection of several new‘variables; and the work being con- 

1904, Refraction ‘al Mount Hamilton. R, H. Tucker, (Lick Observatory, 
Ball. pp. 56-68, 1917,)—-Observations .have..been continued on 
the diurnal variation of .refraction as shown..by,.determinations, with the 
meridiani circle throughout,the time that, stars are visible during. the day, 
The:difference in refraction, between night and day, appears to bein no sense 
a'$easotial one. They do. not seem to be affected. by the range of recorded 
temperature, nor the changes of temperature during the periods of 
observation: “A “table is given showing the’ resulting ‘corrections tothe 
Pulkowa will be adopted in future at Lick. These indicate 


(Lick Observatory, Bull. 9 [No. 294}..pp,. 68-78, 1917. )—Observations are 
gecorded of the. radial velocity of, eleven variables from spectrograms taken 
at the D. O. Mills Observatory at Santiago, Chile, in 1909, using a single-prism 
Fina on the 87-in. reflector. The dispersion of the spectra is 
A'per mm. at H,; “Five of the stars ate ‘Cepheid: variables; they exhibit 
the’ ‘characteristic features of the. class—considerable eccentricity ; similat 
order of-amplitude of velocity; from 20-40 km/sec. ; greatest negative velocity 
| occurring a few tenths of a day later than’ maximum light ; close corre- 
Spectra ‘are ‘given’ for each::star. 


Method for determining Colours F. H. Seares.’ (Nat. 
Sci.; Proc: '2.' pp, 521-525, Sept:, 1916.)—To obviate various drawbacks 
in’the methods hitherto adopted for the determination of colours of stars, a 
sitniplified scheme has been developed involving: the ratio of exposure-times 
necessary ‘to ‘produce’ photographic: -and‘photovisual, or’ bive and yellow, 
images of the: Sanie size. ‘For convenience:and accuracy the images should 
be on the same plate. ‘In practice there will be for each star one yellow 
image atid a’series of three’ or four blue images, with the exposure-times for 
the latter increasing'in geometrical progression. The diameters of the blue 
images are then ‘plotted against the logarithms of the exposures, and from the 
fhearly linear. cotvé thas derived can be tead the necessary exposure-time for 
| a'blue image of the same sizé as'the yellow image. The’ ratio‘of’ this ‘to that 
given for the yellow image furnishes the colour-index. Various pees 
are outlined and a ‘table is given ‘showing the results of a 
examination of 10 ‘stars. 809 sie); 470 P. B. 
Moore: ‘(Nat Acad. Proc./2.’ pp. 566-560, Oct. 1016:)—In ‘a 
paper:the authors have described the 
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mpthods ‘in the” platietary nebula’ 652 


The: work has since) beenextended: to 68 other bright ‘planetary 
Of these 16°give definiteevidende of telative itiction, and ‘its 
‘saSpected'in 5 others, “For 12'no indications of motion were*detéected: “The 
‘€ase'of observation depends somewhat on the size’ of the nebular image, as 

-in the smaller stellar types'it is difficult’ to’set' the slit on’ the position! df” 


“Motion: "With one or two exceptions the’nebule in which = 
‘has beeh' Observed are elliptic in form. “The'suggestion is'that these bodies 


GOB. Spectroscopic’ ‘of delermining Sicllar Paralla 
‘Adams. (Nat. Acad. Sci., Proc. 2, pp. 147-152, “March, 1916. uel 
has been foundief small variations,of intensity of certain lines.in the spectra 
of stars, whose. spectral types are;in general very;similar,. Now, if two: stars 
shaving closely the same type of, spectrum differ very. greatly ia luminosity»it 
is. probable that: they.also differ greatly, in. size, mass,.and depth, of.atmo- 
sphere, which.would be. likely to produce. such .minor.,variations. of:certain 
lines .of their spectra:, The absolute magnitude, apparent: magnitude, and 
parallax being related by known, equations, curves were constructed showing _ 
othe relation between the observed spectral lines, intensity-differences.and the 


absolute magnitude. It being, found. that for. many, spectral classes these 


«curves ;were, approximately straight lines, the method. has been utilised for 
determining other. parallaxes. from, the spectral. differences.. typical 
example is given for the. stars 61' Cygni and Tauri, and a table of:results 
for: several..stars showing the differences between computed and.observed 
oparallax,, which are exceedingly small, (Ibid. 2. pp, 162-167, March, 1916,)-— 
'The, method outlined: above. is tested by a series of comparisons. of results 
‘computed for: stars, whose parallax has been. measured ‘by other, methods, . 
tables being given for all stars having, parallax.equal. to or exceeding + 0:05'’ 
for which spectrum observations are, available,..An excellent accordance is 
shown: for most of:the stars, but there are several: with large- discrepancies. aoe 
 _It is anticipated that the method will prove of great value in the selection 
Of star’ ‘luminosities, ‘when there are available’ of 
stars of ‘proper ‘motion. P. 8. 
‘a 800, Spec Evidence for ap M ow. 4 
‘Adams. tn at. Acad. Sci., Proc. 2. pp. 157-168, March, 1916.}—The charac- 
acre feature of the M type stars, lik a Orionis, is the presence of absorption 
ads due to titanium oxide. A difficulty atises, however, if the classification — 
-attempted on the basis of the hydrogen lines, as for the other spectral 
classes on the Harvard system, since for certain of the M stars the hydrogen 
lines are very faint, while for others they are abnormally strong, and on this 
‘basis « Orionis would be in class G2. This distinction appears to be related 
to the luminosity of the stars. Applying the method already noted for 
determining absolute magnitudes from the characteristics of certain spectrum 


lines [see preceding Abs.], it is shown that the M type stars fall into two 


clearly defined groups, separated by an interval of about seven magnitudes 
within which no intermediate values have been found. It is suggested that 
to the symbol for the general class of M stars should be added another 
denoting the hydrogen classification, distinguishing between stars of high and 
low luminosity. Thus Mb (G6) would indicate a spectrum in which the 
bands are strong, but the. CP. B. 
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Temperature. of Specs. (Astrophys. J. 45. pp.'260-277, 
“May, 1917.)--In: considering the theoretical problem of the temperature: of 


space, it is pointed out that in the method of introducing a small testing 
‘body it is: necessary. to take account of its absorptive properties. If it hasany 

selective absorption, it may assume .a temperature .much Jower or much 
higher than that of a black body, and if the absorption is limited to the short 
- wave-lengths a feeble radiation may develop.a very elevated temperature. 
This seems impossible of realisation in the case of solid bodies, but does not 
appear improbable for gaseous masses, which. would then have the.property | 

of emitting, under the influence of the incident radiation, the same radiations 


Acad. Sci., Proc. 2. pp. 186-142, March, 1916.)—Photographs of the ‘spectrum 
‘of this variable were obtained at Mt. Wilson with a large spectrograph’ giving 


ie a linear dispersion at H, of 5:8 A to the mm. “These show conspicuous 


differences of spectral type at maximum atid minimum light-phase. At 
maximum the lines of hydrogen and enhanced metallic lines are relatively 

_ stronger than at minimum ; on the other hand, the lines characteristic of low 
‘Sehiperstare’ are stronger at minimum ‘than at maximum, “The continuous 

“spectrum is strong in violet’ at maximum ‘and weakened at minimum, The 
radial-velécity determinations give + 8°8 km./sec. at minimum, and — 85°2 

km jsec.at maximum, being in close agreement with Moore's results obtained 

‘at Lick.’ “Analysing the velocities given by the iron lines of varying type*as 

‘regards pressure shift, it is found that those with large shift show a larger 
‘numerical velocity by 1°22 km./sec. Confirmation of the reality of this feature 

‘is furnished by the very similar difference found by St. John in’ the case of 

‘solar lines of different pressure type.“ Other differences in the case of 

enlanced lines are mentioned, and the explanation is suggested as mainly 
‘due to radial convection currents in the stellar atmospheres. ‘The spectrum . 


912, Quantitative Classification of Stellar Spectra. Ww, Adams.. (Nat. 
pe Sci., Proc. 2. pp, 148-147, March, 1916. )-—The Harvard system of 
classification of stellar spectra is standardised numerically by introducing 
: isons of intensity for certain sets of typical lines, the variations aN 

denoted by decimal steps between the main groups B, A, F, G, K, M, N. 
The reductions have been made. from. several thousand photographs of — 
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48. pp; 864-888, May, 1917,)—Describes the simple form of colorimeter shown 

in vertical section in the fig, The light from a glow-lamp of about 50. c.p. 

with frosted bulb is rendered parallel by the lens B. The upper /part of this 

‘parallel beam passes through the control solution of known ‘concentration 


contained in the vessel C, and illuminates'the peripheral portion of the field 


of a Wotible prismD constructed after the manner of ‘a Lummet-Broditun — 
‘prism. “The lower part of the beam’ passes through the two total-r 
‘prisms P and P’; which are immersed in the solution undef observation. It 
then illuminates the ‘central portion of the field in D. The distance between 
‘P and P is measured to about 1/10 mm. by a lens and vernier. The zero of — 
the apparatus:is the value of PP’ found when a balance is obtained in D with 
identical solutions in C and in the lower vessel. . This zero is found to be — 
_ practically the same for solutions. of all, colours except red. Experiments — 
made with this apparatus show that the absorption is. proportional. to the 


* 


of the ‘apparatus. is that the solution ‘om: be 
Contained in a vessel of any size or shape, so. that progressive changes. of 
concentration due to. chemical reaction can. be conveniently followed, while 
if only a small volume, say down to 1 cm’, of solution is available, this can, be 


914. Improved Form of w: ‘Andrews. (Gen. ‘EL 
ee 20. pp. 259-261, March, 1917.)—Certain substances exhibit fluorescence 
_when exhibited to ultra-violet light, and this luminous effect may persist for a 
short interval after exposure, It is then termed phosphorescence. The 
‘apparatus devised by the author is intended to exhibit the latter effect. The 
instrament consists of a box with two apertures and a blackened interior. © 
One aperture is used for observing the material placed inside, the other for 

the entrance for the exciting ultra-violet light. The apertures are covered by 
_ @ rotating shutter with two openings, driven by a smal] motor operated at 
such a speed that the rays are alternately admitted and obscured at a rate of 
8000-4000 times per min, The shutters are so situated that while the ultra- 
violet light is admitted the observation window is blocked, and vicé versa. 
Accordingly the observer only sees the material for the period during’ which 
von, "The ye, therfore, sxe of 


ontinuity in vision. The eye, therefore, sees a purtace of invariable 
‘VOL, XX,—A.—1917. 


a 

uF 
> 

be 
‘a 

‘ 


‘rapidity that there is also no time for the phosphorescence to diminish 
appreciably. Or, by slowing the speed, the phosphorescence may be allowed 
to diminish and the curve of decay may be studied by calcalating, from the 
speed of the motor, the interval of: source of 


‘Hundred-inch Mount Wilson E, Hale. (Engineering, 
10 Pp, 608-609, June 29, 1917,,.. Report from the Mt, Wilsen Solar Observatory — 
for )—In. a. review of the report. of the Mt. Wilson Solar, Observatory, 
me details are given of. the .100-in, reflector. now. approaching completion. 
The olear,aperture i is 101.i in., and focal length 507°5 in... The thickness of. the 
glass is 12°75 in.,.and its weight is 900 Ibs... Two. secondary, mirrors, are 


Quarte of Lick w. Wright. (Lick 
Bull. 9 [No. 291]. Pp. 52-55, 1917.) —A new quartz ‘spectrograph 
“has recently been constructed in the instrument shop of the Lick Observatory, 
‘the optical parts consisting of two 60° quartz prisms of the Cornu type, with 
“simple quartz lenses for collimator and’ éamera, thé Jatter being about ¥ in. 
aperture and 11 in, focal length. A special haptapien. 3 is shown for attaching 


apparatus is also adaptable as-a slitless Dy. usifig 4 concave 
- collimator lens, and in this form some of the optical difficulties of adjustment 
ate lessened. An extensive investigation of the spectra of nebulz is being 
"made, the photographs showing the spectra from 48000-5000. A photograph 
_ Of the spectrum of the planetary nebula N.G.C. 7662, showing the different 


character of the images in different wave-lengths, ped ‘ileiias of esas 
_ Of the instrument are included. C. P. B. 


“O17. Reflectivity of Tungsten in the Infra-Red: Weniger and A. H. 

(Frank, Inst., J, 188. pp. 854-855, March, 1917.)—-Measures from 

O50 t6'4°0n were made of (1) the absolute reflectivity at room temperature, 

and (2) the change in reflectivity due to increasing the temperature by Stages up 
“to 2056°K; Three tungsten mirrors were used, one polished Coolidge X-ra 

“target, and two polished flat wires mounted in evacuated soft-glass bul iin, 

“with terminals for heating electrically. The spectrometer was provided with 

‘a fluorite prism and a bolometer. The length of ‘air-path; number of silvered 

lecting surfaces, and angles of reflection from ‘were 

he results are summarised below :— : 


Absolute Reflec- Per Genk Retest om Rio Temp. 
Wave-length, | tivity at Room 
XX.—a.— 191 7. feos 
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O48). Reflection: and Refraction. Phenomena: Relating tora Moving, Medium. 
Tamaki. (Ky6t6 Coll. Mem. March, 1917,)-—-Since 


Fresnel. took up: (ini1818) the. question whether the. motion a mirror had 
effect.on the laws:of:reflection and refraction, the ‘problem hasbeen 
investigated by: many prominent physicists.. The object.of the present paper 


_ is to report a study of the important phenomena of reflection and refraction 


relating to.a moving medium when; the motion is not, as. usual, confined to 


the direction normal to the surface of separation of two media. In this study 
» the generalised Lorentz-Einistein transformation equations previously obtained 


by the author are utilised, The resultsiare as follows :—(1) Using these 


"generalised equations, the state of the light disturbance in a medium moving 

in: any direction has. been studied. It is found necessary to use the com- 
ponent of velocity along the direction of propagation, instead of its absolute 
value, when it appears linearly in the expression giving Doppler-effect, and 


‘that giving velocity of propagation of light in the moving. medium. (2) The — 


laws of reflection a moving surface have been investigated. The fre 
quency. and amplitude of the reflected wave and the angle of reflection in the 
Most general cases have been obtained. The expressions given by Hicks, 
‘Harnack, Edser and others, are all contained, as special cases, in th 

‘author's; expressions. The corresponding important:.fotmula for the 


refracted wave in the general case have been deduced up tothe termiof order _ , 


vic.’ (4) It has been shown that Brewster’s law of polarisation holds good 
even when the is far as s the effect 
is concerned. B. 


APY 


919, if to of Refraction of 
“igus with values for Air from \2600'io 65600, R. W. Dickey. (Astrophys. 
46.. pp. 189+205; April, 1917.)—The purpose of the ‘investigation’ was to 


‘study the use of the plane grating:in extending into the ultra-violet the dis- 


“persion curve of a gas. As'a test the index of refraction for air has been | 


obtained for different wave-lengths between 2498 and 6412 A. at-intervals of 


about 200A: brief review of work by:previous investigators is given, from 


Ketteler’s in 1865, to the recent research by Miss Howell [Abs. 1894 (1915)], 
_ who using a Fabry and Perot interferometer in connection with a quartz 
‘spectrograph, has extended the dispersion curve of air to 2652 and the 
curves of H, O, and CO,:to. 2758. The advantage of her method is that it is 


“not necessary ‘to count the: number of interference bands going by for a 


change of pressure, so that ‘the method is applicable to the’ ultra-violet. ‘The 
method adopted ‘by the ‘author consists in determining the refractive index 
of a gas by finding the ratios of the. wave-lengths in vacuum. and in the gas, 
by means of a Rowland plane grating with a Littrow type of mounting. . It 
was used by Osborne and Lester [Abs. 52 (1918)] for determining the refrac- 
tive index of a liquid, but its application to a gas is new. The grating, a 
2'5-in. ruled with 15,000 lines to the inch, is covered by a heavy brass bell- -jar 
‘with the front arranged so that an ‘air-tight quartz window can ‘be inserted. 
_ A heating coil wound on the inside walls of ‘a large wooden box surroun 
the bell-jar prevents rapid changes of temperature. The entire optical system 
__ is made of quartz. A Pfund iron arc serves as source of light, The general 
. procedure is to pump out the bell-jar. until the pressure isja_ small fraction,of 


of mercury, take an. exposure on, the photographic plate,then let in 
the air. through drying solutions, and make a second exposure on the same — 


plate. In the later work the scheme: of lowering and raising the pressure of 


the air at intervals of 20 mins. and making all. 


Bie 
SOR 
te 
> 
oy 
>. 
; 
- 
4 
: 
AS 
pay 
* 
3 
>- 
x 
a 
E 
BY: 
ee 
2 


this error due to is the for all 
tions; Since the temperature correction for the shifts of the spectrum’ lines 
was not determined, it was necessary to select some iron line whose refractive 
index for air has been well deterinined, anid refer ‘all values to this line. 
The line 481529 was selected. During preliminary experiments, in 
addition to the horizontal shift of the soled lines, a slight vertical shift 
was noticed, due to deviation Of the ray, in passing through the quartz 
‘window of the ‘bell-jar, from ‘the rarer air. within the jar té the denser air 

outside, The one serious difficulty in the author's method is the effect of — 
temperature-changes as the pressure of the gas is changed. It is hoped that, 
with several improvements in the apparatus, the value of this temperature 

correction can be determined and consequently the absolute value of # —1, 
n being the refractive index. In the present form the method is applicable 

wees to gases which do not injure the grating, and for which a single value of the 

Re index is known. The corrected values obtained for the refractive index of air 
oe ‘are in good agreement with those obtained 7 sae methods. Expressed in 


terms of the Cauchy formula n—l=at ats, ‘Miss. Howell found the dis- 


persion formula of air'to be n ~1 == (2881°7 + 11.88)? + The 
| and. Runge’s result. 


920, ‘Optical Properties of (Phys. 
her 9. pp. 148-150, Feb., 1917).—Measurements of index of refraction nt, 
absorption ‘coefficient &, and coefficient of reflection R were made with 

- a Babinet compensator on a single ‘crystal having a reflection surface 
mm, x65 mm, in the two principal positions :‘when the principal axis of 
_ the crystal was parallel and. perpendicular (respectively) to the plane of 
incidence. The results for various wave-lengths (yz) are as follows :— 


angles of principal incidence and principal, azimuth are also given, 
and discussed in terms of Drude's theory. The ultra-violet refractive index 
4°40 is the highest known in any substance, _ es ies 


921. Harimann’s Dispersion Formula and the Dispersiti of Quariz. H. 
Kriss. (Zeits. Instrumentenk, 87. 1-4, Jan., 1917.)}—Hartmann’s dis- 
persion formula is'n = denoting index, wave-length, and 

the other: quantities constants. Hartmann recommends 1:2 as the best value 

_ for the exponent'a. It remains to find the best values to adopt for the three 

constants m ¢, and A». 
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of n;, with their corresponding wave-lengths, A solution’, based on: the sei: 
Fraunhofer. lines F, H, yields the following values of the, constants for. 
quartz : = 162886, \, =0'120p, tan 7:80448, , A. second solution | based. 
on the three wave-lengths 0°410, 9°274, and. 0°198« yields the values no = 
1'52688, \» = 0°1045, tan c= 786150. The first set of constants, when substi- 
tuted in Hartmann’s formula, gives concordant results in the visible region, but 
_fails.in the ultra-violet spectrum ; the second sct vice versa, though slightly 
better on the whole, Thus, as was to be expected, Hartmann’s formula | 


cannot be applied throughout the spectrum without alteration, Theconstants 


must be changed in passing from one limited range) of wave-length to 
another. The discordancy, however, is not nearly so. great as with. Cauchy's 
formula. . Hartmann has pointed out that his formula is ‘also applicable 
when for n is substituted a quantity depending upon #. When photograph- 
ing the whole spectrum on one: plate with a rigid quartz. spectrograph, the 
author found the following relation useful for plotting a scale of wave- 
lengths from 0°8 — : le+cj/(k —),), | denoting an interval on the 
photograph between two. ‘lines (or projected rays). By measuring ‘the — 
positioris on the plate of three lines of known wave-lengths, we can calculate _ 
intervals on the wave-length scale for the region containing these’ lines, and — 

slightly beyond it. “As in the case’ of ‘the formula for réfractive index, the 
constants must be changed in another of the spectram. 
(Abs. 1941 (1906). AE. 


Sarwk (Nat. Acad.-Sci., Proc. 8. pp, 412-416, June, 1917.)—Describes a 
method for the measurement of the small angular displacement of the mirror 
of an electrometer measuring microvolts,. ‘The passage of one: interference 


“928. ‘Measurement Small Angles Note 
Fringes. Cc. Barus. (Nat. Acad. Sci., Proc. 8. pp. 482-486, June, 1917.)—An_ 
account of a modification of the method previously described for the measure- 
ment of small angles of rotation. In the first case [see preceding Abs.] the angle _ 
of rotation of an auxiliary mirror is measured by means of an arrangement of 
paired mirrors, but in the present apparatus the rotation of the system of. 
paired mirrors is itself measured. The a _ one of the first 
but there i is greater Ww. T. 


(Nat. Acad. Sci., Proc. 8. pp. 486-487,’ June, 1917.)}—Describes 
method, depending on the apparatus for the measurement of small angles 


926. Visibility of Fringes aul the Double Slit, K. 
(Notare, 99. p. 424, July 26, 1917.)—The following simple arrangement has 
been found well adapted for the study of the visibility of fringes arising from 


4 @ double slit and a “source” slit of variable width. A ~-double slit, ruled 


without any special care on a piece of old photographic negative, was fixed 


ies on the table of a spectrometer after the usual adjustments had been made. 


With this arrangement and‘a sodium flame as the sourceot diiculty 
VOL. XX.—a.—1917. 
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was experienced ‘in observing the disappearance and of 
‘fringes, ‘with gradually decreasing visibility, some six or sever times. With 
a ‘little practice, estimates of the visibility'at successive stages may be made, 
dnd) the corresponding’ visibility’ curve ‘plotted.’ To ‘make “quantitative 
measurements, a graduated wheel was: attached to the slit of an ordinary 
Wilson ‘spectrometer, and afterwards calibrated by the aid of a travelling 
microscope,’ By this means the width of the slit corresponding to the places 
of ‘disappearanice’ of the fringes; or to any stage of visibility,;could be read 
off directly; and a*complete set of measurements taken within a short time. 


In one ‘set of observations ‘thé following readings were taken Width‘of 


double: slit (6) <= 0°908 mm. ; focal length of collimator lens (f)=166mm.; 
‘of increase: of slit width (w) for successive orders of zero 
visibility = 0107 mm. ‘From these we have == 'bw/f==0:000682mm. The 

quantity w is accurate to'about 1 “A more‘accurately calibrated spectro- 
A; 


990. Absolute of _W[ithelm] Ostwaid. . (Ceits, Phys. 
Chem, 91. pp. 129-142, Feb... 29, 1916,)—As. it is at present. impossible to 
order a,certain colour except to sample, the author. proposes.a system based 
upon. the variables purity, tone, and brightness. -Every.colour tint is a. 
mixture of colour and grey, and purity. is the proper. fraction expressing the . 
ratio colour/grey, the grey consisting of black and white. When a. ‘spectrum 


is superposed on a strip of the colour (paint) in question, the strip will appear __ 


- brightest at the-spot where the two.colours are the same, and darkest ‘where 
they are complementary; the colour were quite pure, the maximum and 
minimum | would) be of the:intensity of those of a perfect white (barium 
sulphate) and:a black strip... Estimates can be made with the aid of graduated 
‘specimess of: pure grey; the proportion of white light in which is deter- 
mined by the photometer. If a colour tint consists of pure colour /, white 
‘light w, black s, then the brightness (white light = 1) is h; = f+ w, and since 
f+ w+s= landl—h,=s, hwill be a proper fraction, and sithat part of the 
light which the tint absorbs‘under. all conditions. ‘The light of the darkest 
$pot with the brightness hy ‘will exclusively be due to w, ‘so that == w; 
hence also f= h;— hg, that is, the degree of ‘purity is the difference between 
the brightness at the brightest and the darkest ‘spot. Technically the test 
can be-made with the aid of light-filters instead, of a spectrum. The value 


of f is not dependent upon the nature of the light and upon the eye,and has 


an absolute character. The whiteness w, or; better, the ratio w/(w + s) may 
be considered as second variable, representing a definite grey or the bright- 
ness ; its determination is given by w/(w +s) = + third 


'  -wariable, the colour tone, is dependent: upon the illumination and upon’ the 


-eye.:«When the different: colours are arranged on ‘the periphery of a circle, 
each: tonesis: polar (diametrically opposite) to its complementary tone ; the 
principle of inner symmetry ‘further shows that if.a and c are two tones not 
far from one another, and 5 lies symmetrically between a and c, then the tone 
of b is that of ah additive mixture of a and ‘c. “If we divide the circlé into 


100 divisions;: proceeding from yellow to orange, etc., then No, 1 would be 


represented by sodium picrate (4% solution in water) or strontium chromate 
(the yellow ultramarine of painters); No. 10 would be dark chrome: esas 
20 red lJead, 82 carmine, 40 red-violet, 50 reddish blue, 65 ultramarine, 62 
Prussian blue, 70 chromium oxyhydrate ; suitable pigments for ‘the remaining 
numbers, green-yellow, are not easily found.” a the 
YOu. xX.—a.—1917. 
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1916,)—The; colour [see preceding Abs.], covering ;pawer,, 
power is defined as the area in cm,’ of the 


surface Which 1 the ‘will-cover 80 as’ to make’ the’ underlying 


surface invisible. Covering ‘power depends upon diffusion ‘and refraction of’ 


the incident light a'dark of aniline may hide the colour underneath,’ 
without having covering power in ‘the proper sense." ‘The effectiveness 


(Ausgiebigkeit) concerns’ the ‘predominance ‘of a pigment, and is 
by the number of gm. of white pigment with which 1 gm. of thé’ pigment in 
question must be mixed to make the coloun vanish, .. Prussian; blue has:the 


effectiveness 10,000, permanent. green. only (100, >; Both: the: definitions given’ 


depend upon the eye and experience of the observer, but: they. are. simpler 
than others::' The) grain size influences the three variables; strongly... Iron, 
oxide may be'bright red to dark violet; the colour and the grain size. change: 

_ on heating; the coarse grains being, the darker, whilst.cobalt,enamel loses: its, 
colour when ground fine, brightness and tone changing, at: the, same, time, 
Transparent crystals have no covering power, but gain it on being | owe 
to lose it again when. the disintegration becomes too fine, of the ordér of 


there seems. to be no miax, liniit in this case some solutions (in, molecular 
subdivision) are most’ effective ; this, however, ‘thay correct for 


Aug.,, 1917. )—Reference is made’ ‘to recent ‘work of 
| which suggests that the curve ‘connecting critical speed ‘ofa 
Bake} photometer with wave-length throughout the visible spectrum’ is to 
interpreted 'as the reciprocal of the luminosity curve.’ This is opposed to 'the 
theory of the author as Stated in various communications and recently tested 
by experiments with a special polarisation flicker photometer ‘[Abs, 628 
(1917)]. According to thie ti theory critical speed is essentially determined by 
differerice in hue, In the’ present ‘paper the ‘problem is further investigated 
‘theoretically, and additional experimetits are made with’ the polarisation 
flicker photometer, by the aid of which’a number of curves ‘connecting 
‘éritical speed and wave-lerigth are derived. The predictions ‘of the author's 
theory, are stated to be verified and the data presented, especially those 
relating to ‘red ’and blue ‘light, are shown to have no connection with the 
_luminosity'curve of the equal energy spectrum. An important point is that 
_ the “ critical’ speed” curve radically’ affected by: the*colour of ‘the 
parison’ source’ used: in’ testing: throughout the spectrum, although’ the 
‘carve: of the setter remains. -the 


(Zeits. Instrumentenk. 87... pp.,109-120, June, 1917.)—Gives: a description. 
of.. previous work on this, subject by. Ives, [Abs. 1010, (1911)}..and others, 
and, describes, apparatus, consisting of a. pair of gratings in which the trans- 


of Grain, W[ilhelm], ..Ostwaldi . {Kolloid, Zeits,16,..1. 1-4, Jans, 


light-waves. ‘The efficiency generally increases on’ ihcreasing subdivision, — 


of considerable “absorptive power. 


“922. Gratings, ‘as, “Neutral Dimming de Ay. Kriss, 


mission, coefficient. is, varied, of the pair as. 
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same width, the transmission is thus varied from 0°6 to zero by the movement ! 


of 'a ‘micrometer head graduated in hundredths of a turn. The application: 


_ of the device to various types of photometer is described and illustrated, and 
a discussion’ is’ given of the relation between the effect of the position. of ‘the 


| devine, and: the pees ‘in the photo-> 
meter ‘field. TW 


ini 


Relation between Sonlight avd 8. Eng, 


10. pp. 218-114, April, 1917.)}—Taking sunlight to be to: 
10,000 candie-tt- (for perpendicular incidence from an unclouded sky), the 

 iMumination from the’ full moon is calculated to be 
002 candie-ft. © The author finds this to be very near the value he: 


obtained. by actual measurement. sun-: 


| 988, Precision Method of Uniting Optical Glass, Union of Glass in Optical 


Contact by Heai Treaiment. R. G. Parker and A. J. Dalladay. (Faraday. 


- Soe., Trans. 12, pp. 805-812; Disc., 812-818, June, 1917. Chem. News 114. 
. 810-818, Dec. 29, 1916. Phil. Mag. 88. pp. 276-286, March, 1917. 


ngineering, 108. pp. 28-24, Jan. 12, 1917. )}—Owing to the numerous 


defects of cements available for constructing glass cells for examination 


of optical properties of liquids, a new process, by which a much. more 


perfect union between two pieces of glass can be obtained, has. been 
The. surfaces to be united are so worked and polished that 


they are either both plane or of the same curvature to a very high 


degree of accuracy. They are then pressed together in “ optical contact,” 


and if they are subjected to carefully controlled heating .will unite 
and become one piece. It is essential that the temperature at which union - 
takes place shall not only be far below the melting-point of the glass, 
but. also considerably below the. annealing temperature (at which a badly — 


annealed piece of glass when heated would become sufficiently mobile 
- to lose all internal strain), for even at this temperature very slight strain, 
would cause sufficient deformation of worked glass surfaces to render them 


useless. 
- The mobilty of glass has been. found to be an ‘exponential function of 


temperatures T; 1, measured by the rate of deformation of glass under con- 
stant stress... The quantity.N is comparatively small. In a typical example, 
with N 8, A= 2, T= 560° C., it is shown that the glass becomes twice as 


“soft” for every rise of temperature of 8 deg.C. Therefore, at 60..or 
70 deg. C. below the annealing temperature the glass is sufficiently hard to 
withstand very great local pressure for short periods without sensible de- 


formation. Working at this temperature 60 deg: C: (or for safety 10 or. 


20 deg. lower) below the annealing point, two pieces of glass under pressure, 
anid in optical contact, will unite perfectly in less than an hour. Ordinary 
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action, of liquids, on. boy. force. 
new: method cannot be separated by these means, and a crack or cut spreads . 
through the two. pieces. as though one. piece of glass, whereas in. ordinary 
optical contact. it. cannot, be..made..to pass from one. piece. to,.the other. .. 
Details .of. experiments in construction of cells of one, kind. of, glass are... 
described, The. joining of ‘glasses of different. kind is. complicated : by at... 
least three factors---difterence of expansion coefficient, difference of annealing .. 


point, and capability of fusing together in the blowpipe flame. Thefirst will . 7 | ie 


r cause strain to appear, owing to different contraction in the glasses when cool- — 


a _ ing after joining, but for some purposes it may not matter. Such strain as this” 


_ cannotbe obyiated by annealing. If the annealing points differ by more than — 
about perhaps 60 deg,, there will be difficulty in joining. . The annealing sine 
of glasses in common, use range over 250 deg, ; the flint and crown glasses 
commonly, used in object glasses were found to differ too widely in annealing — 
temperature for successful union. It appears that. certain kinds of glasses 
which will not fuse together readily i in, the, blowpipe fame will also not unite — a 
by the new method, A polarimeter tube having windows permanently fixed in _ ; 
position by this new method was prepared without difficulty. The tube was 
of soda-lime glass, and the windows of plate-glass ; max. temp. : 470°C. The 
join was. perfect, and although different glasses were employed the windows — 
_ showed no strain sufficient to interfere with measurements of rotation, Itis — 
intended to apply this construction to jacketed t tubes. Some experiments on 
union of ‘fused silica indicate that a temperature of about 1100° Cc, will be 
required to give results as good as those attained with glass. ce 


983). Investigation of Raidiam: Luminous: Compoiind | 
J. W. Walsh, and W. ‘Higgins.’ (Phys. Soc.,’Proc. 89. pp. 915- 
946’; ‘June, 1917.}-An account is given’ of “the ‘testing of 
luminous’ compounds composed of zine sulphide to which’ is added a” 
small amount “of radium, The’ luminosity of the ‘material’ is due to the - 
action of a-partic¢les from ‘the ‘radium impinging ‘on’ the ¢tystals of zinc” 
sulphide. Measurements of brightness are rendered difficult’by (1) 
green hue of ‘the ‘ight emitted; and (2) the very low’ brightness. The authors. 
describe methods of obviating these difficulties, irivolving comparison with’ 
the light of a glow-lamp of known candle-power, transmitted through a suit- 
able: green’ glass;(such: as. B,.Q» T. light green) giving -a close.colour-mateh. _ 
If small portions of the material are tobe tested.these are-conveniently made, 
the background.to a slit in the: illuminated white surface,in the photometer... _ 

: Intesting luminous dials it is found preferable to place the dial.to-be tested , 
between two, opaque. metal dials with stencilled: figures, behind which. is, 
placed a translucent surface illuminated, by light froma glow-lamp, trans... 
mitted..through appropriate green. glass. The, current through. the. lamp is 


then adjusted until.the brightness ,of .the figures, on the three dials. appears . 
equal. An investigation into the, best. size for.the figures on. dials,is sum. 


marised,. The authors also describe the. method of measuring the.radium. 
content, by:comparison with a standard consisting of, a known, amount of a. 
radium: salt,by.an ionisation method.,. The latter part of the.paper, is devoted. 
to measurements.of the decay in luminosity: This, may-be due partly to dis... 
colouration of the glass containing. material, or, of the. binding substance, if 
_ applied)as varnish, caused: by the action. of, radium.emanations, . But decay 
is. mainly-due.to.action.on the zinc, sulphide itself, which loses. the power to , 


he. luminesce in the course of time... In general the material attains a max. bright- 


ness in 10 to 20 days after mixing, and then in at 
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of energy about 2 X 10° erg secs. per cm.’ of abiotic radiation of t ne ch 
derived, for example, from the quartz lamp or the magnetite arc. About” 
times this exposure is required to ‘produce loss of corneal ‘epithelium. 


of gm. 
to’ 


composition.’ The max. brightness is roughly proportional 


falls’ les$' rapidly thati ‘such a rélation ‘would suggest. Considerations 


goveriing'the choide of compound ‘in practice’ are‘discussed. 


*hoeff, L. Bell, and C; B. Walker. (Ani. Acad., Proc. 61.’ pp. 680-798; 
July, 1916,)—A complete monograph ‘on the subject. It is impossible here 
‘more than reproduce a few of ‘the’ general conclusions 2 as 


special physical, a8 opposed to’ physiological, interest. 


The liminal éxposure capable of producing: photoptithalmia to the 


at of Conjunctivitis accompanied by stippling” ‘of the is in 


2) The abiotic action of the cornea and. Conjunctiva produced ‘by % 

ting sources. follows the law of inverse Squares and is directly Propor- | 
tional to the total abiotic energy received. It can Sheretore be definite : 
predicted from the physical properties of the source. ‘ag 
Commercial illuminants. are found to be entirely ‘danger. 


thes ordinary. conditions of their use... The. abiotic. radiations, 


even the. most powerful, of them, .are too small in; amount to produce danger, 
of.photophthalma under ordinary working conditions even when accidentally 
used: without their globes. . The glass enclosing globes, used. with all 


commercial illyminants, are amply sufficient to reduce any. radiations 


Hasler ordinary no sees. any kind 


the for containing 011, 02,08, 0-4, and 06 
of 


Rai 
tothe brighter compositions decay more rapidly, The: 
curve is at fitst approximately logarithmic, but if the later Cegeaheseiger\! 


‘Metallic “TV. Effect of Light ‘on Silver 
Chloride and ‘Bromide. R. Lorenz and (Zeits. Anorg:’ 
92.°1/2: pp: 27-84, ‘June 18; 1915.)—Metallié fogs are colloidal natare,' 
Crystallised salts canbe’ coloured ‘by ‘bringing 


with ‘fused ‘metal (Pb’ with PbCl,); the: ultramicroscope ‘shows in these 


products particles of finely-divided metal,’ ‘The silver haloids form’ fogs also 
wheti ‘exposed ‘to light.’ The cone of light (Lorenz and Eitel) first remains 
invisible ’in-the crystal, although the' salt tarns brown’ 


and! violet’-'Phe authors now'show that clear'crystals of AgCland AgBr, free 


of ‘all fogs, become modified by illumination in the same way as by metallic 
fogs. Thus the ‘view, already predominant, is supported, thatthe latent’ 
photographic’ image is due to’ ultramicroscopic' ‘particles: of ‘metallic’ silver; 
and‘ not to’ sub-haloids: ‘When the expdsure to ‘light is continued, bright’ 


points “appear ‘which grow ‘in’ ‘size ;-the’ growth’ also takes place when'the 


crystal, after exposure’ minutes; ‘is: heated to 850° for 6 houts. the 
other hand,’ the particles ‘disappear when the salt-is treated with nitric acid 
heating alone lead 1847) 
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(Am, Jo: Sei. pp 408-480, Nov. 1916, and 48; Reb,,,. 
detail a number of experiments made with the apparatus... 


designed ‘by the author for exhibiting: the properties ;of ; 


the bleach-out process of colour-photography, based on the priticiple that 


chemical decomposition effected, by ‘those of. the incident rays. which: are 


Interference Colours of Quite i in Light 1. Liebiseh 
A; Wenzel. (Preuss. Akad. Wiss, Berlin, Ber: 1. pp- 8-22, 1917.)—The 
ing-Heimholtz theory of colour sensation was‘ applied by Koenig and 
to a quantitative investigation of the seriés of interference colours 
seen in polarised light in four groups of spophyllites. Proceeding on similar 
lines, the authors apply the theory to quantitative analysis of the interference | 
colours shown in polarised light by a thin wedge of quartz, with edge perpen: © 
dicular or parallel to the optic axis. Near the end of the gal some figures © 


ace, given, showing of on. .. 


- tribution” of ‘the vapour by which variations ‘of ‘the phenomena could’ be’! 
studied.” ‘Tables given ‘of the ‘lines of ‘iron, chromium; and’ titanium 
showing the’ Wegree’ to which’ they aré affected." Provided that the vapour? 

- absorbing a given line has a non-uniform distribution equivalent to a prism,” 

it is found that, the anomalous dispersion is proportional to the strength in 

absorption. Lines’ showing. strong ¢lfect at low’ temperatures can often be. 

_ made’ fo show refraction in the opposite direction at higher temperatures. _ 
In the case of mixed vapours of different refractory powers, there may thus” 
be exhibited at the same time anomalous dispersion in opposite directions ; Or 
lines belonging to the same element may show this phenomenon if they # are 
such as appear at different temperatures, a typical example being the case of ° 
44297 and 18988, 8968, due to calcium, The general result is that each 
element in a mixture of vapours is capable of giving its own anomalous dis- 

persion independently of the others present. The anomalous dispersion is — 

‘shown stronger for lines in the regions of shorter wave-length, probably - 
owing | to the ‘greater absorptive power generally found for lines in this 
region, as when suitable lines are found in the red the effect is as great as for 
the violet lines. Distinct evidence of anomalous dispersion was found for the 

. band at 18888. . No evidence was found for mutual repulsion of close lines, 

and no change. of wave-length was found when a line in the regular furnace 

spectrum occurred very close to a strong line known to show Ger, 

phys pp. 278-284, May; 1017.)}—For certain work: it.is advisable that: 
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with the fotatidn of the prism for different wave-lengths. ‘The axis of rotation ’ 
is defitied as the intersection of the bisector of the angle between the incidént . 
face and the base'with the reflecting surface of the’prism:' When'the prism’ 
is rotated about this point there will ‘be no lateral ‘shifting of the beam, and - 
- the ‘wave-length calibration will not depend on the character of the spectro- 
scope lenses... A-simple method is described for locating the position of the 
prism on the means of stops, SO. that it replaced 


(Roy.' Astron.’ Soc., M.N. 77. ppi619-621, April, 1917.)—-An old instance of 
apparent distortion of a reseau line by the image of a bright starnear by ledto. 

the examination of the Oxford plates for any similar effect by all stars brighter _ 
than 4°5 magnitude. No other case was found, A further : series of tests were 
made by measuring a copy of a reseau made by double exposure, with the. 

-reseau turned through nearly 90° between the exposures... By measuring the _ 
separation of two gradually converging lines it was found that when near 
the crossing-point the separations became less than the theoretical values, , “ 
suggesting some mutual effect between the. two. photographic images which _ 
| only, becomes effective at a certain distance. [See Abs. 47 (1917).] P. 


9€2. Spectroscopic Field-light. F.E. Fowle. (Astrophys. J. 45: pp. 
224, May, 1917.)—-To anvestigate the amount of scattering leading to diver- 
gence of energy in spectroscopic measurements, bolometric records. have | 
 been.made. with a rock-salt prism of the radiation from a Nernst lamp, with 4 
and without.a quartz plate 6 mm, thick placed in front of the spectroscope . | 
slit: The quartz plate is nearly transparent to A4n, and opaque beyond. The . 
results show that the intensity of the light scattered from any region amounts : 
to about 8 % of the true intensity of that region, This was for silver-on- 
glass mirrors in good. condition. tarnished the. effect is con- 


“948. ‘Accuracy of Rowland’s Wave: Jengi is. E. St. | 
(Nat. Acad. Sci., Proc. 2 pp, 226-229, April, 1916.)—Various attempts have. 
been made to find simple methods of tran ference of spectrum wave-lengths 
from the standards furnished by Rowland’s measures of the solar spectrum _ 
to the international series based on laboratory measurements of the electric _ 
are, ; and if it is desired to be true to the third decimal. As it is now known, — 
however, that for lines of the same pressure group the displacements between . 
sun and arc are, among other relations, a function of the line intensity, it is _ 
evident that no factor of transformation nor a curve can yield true differ- 
ences between the two systems for all lines even for a limited region, The — 
author gives the reassuring statement that for measurements on plates of very 
high dispersion he concludes that the accidental errors in Rowland’s wave- 
lengths are much ‘Tess than one-hundredth of an Angstrm. 


Do 


“944. Harmonics in the Infra-red Absorption Spectra of Diatomic Gases. 
_ J. B. Brinsmade and E. C. Kemble. (Nat. Acad. Sci., Proc. 8. pp. 420— 
425, June, 1917.)—Kemble has recently called attention to the fact that if the. 
_ energy of the vibrational motion of the charged atoms of diatomic gases 
takes on only ‘the quantum ‘values, the corresponding infra-red absorption 
bands in the spectra of ‘such gases ought: to be accompanied by faint har- 
monics. ‘Only one: wae we ‘to exist, int 
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which more than’ one: band present,and this was 
~ nearly half the wave-length of the fundamental. . The present paper gives a 
preliminary report experimental search for ‘similar ‘harmonics. in. the 
infra-red absorption spectra of. other diatomic gases, and. an examination 
of «their structure,’ First -harmonics. have been found in the, absorption 


$pectra-of HCl and their structure, as. well as that of the faint 


»CO band, has been'shown to be in general agreement with the theory of 
» Bjerrum and v. Bahr; Search was also made for possible second and third 
~‘barmonics in the spectra of CO: and. HCl, but without result, There seems to 
be no reason to doubt that it is correct to conclude from the discontinuities 
the structure of the infra-red absorption bands of diatomic:gases, thatthe 
_ angular velocities are distributed among the molecules in the discontinuous 
‘manner predicted by the older form of the quantum theory. » The existence - 
_ @f harmonics in the infra-ted spectra of these gases is almost equally good 


945. The A (Phys. Zeits, 18, pp. 195- 


May 1, 1917,)—-A descriptive article..dealing: with. special. spectra, in 


which instead of a slit a “ half-slit” is used, i.e. the light is allowed to pass an 
- Opaqueredge and then the prism refracts and. disperses the light passing that 
edge. .1f the.dark part, or opaque body, lieson the side of, the refracting 
- angle of the: prism, then the spectrum begins with red and ends with greenish 
yellow. If the half-slit.is turned round so that the bright part is on the. side 
‘of the refracting angle of the the. colours 


g- Chem. 92. 1/2. pp. 76-80, June 18, 1915.)—The’ compounds’ which 
‘Samar up a large portion of the alloys are chiefly known in the anisotropic 
state } their molecules probably exist. also in the liquid and gaseous states, 
_ but little is known about their dissociation in these states. . From the electric - 
conductivity of liquid alloys . Bornemann concludes. that the degree of disso- 
_ciation of fused alloys with large heat of formation is not considerable ; — 
Wartenberg (1914) found vapours of MgZn, completely dissociated at 1800°, 
- but NasHg little dissociated at 440°.. The comparison of the spectra of — 
_ compounds and of mixtures of their components does not admit of ready 
_.interpretation. When brass. electrodes are used in ait, the spectrum is that 
of Cu, of Zn, and of the gases; in hydrogen the arc is difficult to maintain ; — 
_ there is less. difficulty: in nitrogen, but enclosed arcs are required, so that - 
working in-air is, after all, simplest, The author uses arcs of about 45 cm., 
86 volts, 45 amps., and a Kriiss quartz spectrograph, fusing his alloys for 
. Making the electrodes ; two electrodes of the different metals would, in the 
are, not be under the same conditions, The spectrum of, CusSb. showed all 
_ the lines of the two.metals and no more. Similarly with ZnsCus, Ni and Sb. 
. In these. cases (low beat of formation) the dissaciation is complete or con- 
» siderable. But in the cases where the heat of formation is high, Mg,Sb: and 
' other alloys of the two metals, the Mg lines are strong, the Sb lines weak. 
dn general: the’ alloy spectrum is the sum of the spectra of. the. two compo- 
ments for ‘alloys of low heat of formation; when the heat of formation is 
great, certain: lines! (MgA285-2, which inclines to reversal) maybe missing, 
and this reversal:is favoured by Bi.and Sn, but not by Sb. Qn the. whole, 
Spectrum analysis is not: the. intermetallic 
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Vacuum Ave Spectra:in Te. Takamingand 
Nitta, ((Ky8t6 Coll. Mem. ‘Macch, 1017.}-The spark 
péctra’of Ag; Al, Aw, Bi, Cd, Co, and: Tl, in the extreme 
ultra-violet, ‘were ‘investigated by means of a: quartz: spectrograph, using 
 ‘Schumann’plates. ‘Relying on the data'given:by Li:and Bloch forthe Ag 
‘and Fe sparks, ‘the wave-lengths of the spectrum lines were measured for the 
above’ metals inthe region 12000-1980: A new:lines were 
found for each element; especially in the most refrangible part. The spectra 
Mn and Pt in’ this ‘region ‘were investigated for the first time. .About 
lines were of these metals in the region «under investi- 
gation.. Employing a vacuum arc lamp provided with a: Wehnelt kathode, 
| ‘the vacuum’ arc spectra of Bi, ‘Sb, and 
Several new lines. wore found for each in the above region. | 


apparatus. 


948. Third of Oxygen. Fowler ks 
bank. (Roy. Astron. Soc., M.N. 77. pp. 511-517, April, sod, de 
of intense discharges froma 12-in. induction coil with varying 
"capacities in the secondary circuit, the authors have found that the vacuum- 
‘tube spectrum of ‘oxygen shows a set ‘of lines additional to the two groups 
‘previously known as the “ compound” ‘and elementary” line spectra, “The 
“observations extend from X7000 to'’2000.' ‘The lines'of O111 dre very numerous 
’ in the ultra-violet, but there are no conspicuous’ members of ‘the new spec- 
trom: between Schuster’s and Roscoe’s 15502 and Lunt’s line at \8961'8, which 

~ are the only lines'‘of the new spectrum previously on record. ' For celestial 
‘comparisons there are few stellar spectra available in the’ ultra-violet region, 
but tables are given showing that the evidence. for the presence of Outi lines 
“in stars is consistent ;, asd in, # and the Wolf-Rayet 


‘Elements. J. M, Eder, (Akad. Wiss. Wien, Ber. Ila. 127; No.8. Chem. © 
Zentralblatt I. pp. 242-248, 1916.)—The measurements were made with a 
Concave grating of 46m. radius and electrodes of pure rétort carbon and 
_ with salts prepared by Welsbach. Cassiopeium sulphate, Cpx(S0,)s + 8H;0, 
a brilliant blue-green light ; 260 lines were measured between 
_ atid 2892 ; there is also a characteristic band spectrum. Exner and Haschek 
“spoke of 5 lines common to Cp and aldebaranium (Ald); 4 of these are due 
‘to Ald, the fifth to thulium. ‘The aldebaranium sulphate (same composi- 
tion) gave 680 lines, 420 of which are due to Ald; the band’ spectram is less 
“characteristic. | Various thulium preparations were studied. “The Ald-Thu- 
‘Thum T gave new lines ascribed to a new element denébiuth' (from star Deneb 
“in'the Swan) ; Ald -Thul IT gave the’! tines’ of impure thulium, probably ‘dué'to 
“‘neothulium ; a third preparation gave new lines’ ascribed to dubhitim (from 
“Dabhe, in thé’ Great Beat). The Meron erbium salts ‘yielded’ 2800 lines, 


Influence: Water of Crystallisation’ wpon “the: aed 
‘Es Li Nichols: and: Merritt. 
9. pp. Feb., (1017.)—The» authors: have: examined 
“the spectra of: the: three the hexahydrate, trihydrate; : and«di- 
hydrate, of ‘uranyl nitrate: find the: case’ of each, ofthe 
fluorescence spectrum is made up of--a''s ‘the 
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€rystallisation decreases. For the hexahydrate the for the 
triltydrate 868; for° thie Gihydrate 68-1'; and ashydrous. 685. 
dtiterwat in’ the‘absorptida* spectrum, “the 


“ititerval being approximately “(Bat the interval does to. be'the 
for different seties even when these occur in'the spectrath of the same 


skin 


No: systéniatic variation: with: the amount of> water of crystallisation 


be detected. Nearly’all of the: series in the absorption spectrim!have 
'theit origin in ‘the’ reversing ‘region,the: first: member’ of absorption 
setie’ being coincidence with the last member’of’a fluorescence sériés 
Constittiting reversible” band. There is some slight resemblance between 
“the differerit hydrates as. regards! the grouping of the ‘bands,’ each“case 
@ eettain“‘short interval appears with a frequency” eoiisiderably: above’the 
“average.” ‘In the tase of ‘the hexahydrate‘and the dihydrate; this‘interval:is 
““about'8 } in the Casé of the trihydrate it is almost The: interval’14 
the trihydrate, and the: case ‘of ‘the other “two: salts; jis 
also'of' unusually frequent occurrence,-and it will be'of ‘interest determine 
‘whether this peculiarity in the ‘distribution of intervals is characteristicof all 
“utanyl salts. “The authors find; ‘also, that the different spectra‘are ‘not-it the 
feast similar in theif generat’ appearance. ‘On the ‘whole; the spectra of: the 


"different hydrates differ ftom ‘One-another fully as‘ much as'do the spectratof 


different uranyl’salts. “This result is serprising; since it is customary to 
“thi of water Of crystallisation’ as rather’ ‘loosely ‘attached and’ theréfore 
capable of ‘exerting’ great influence upon properties ‘which! depend ‘onthe 
dntertial structure of the moletule. In the uranyt ‘salts it appears  thatowe 
““tnust look the’ connection’ as more intimate than’ lias generally !been 
“supposed.” The ‘results obtained also tend to confirm: the view that:fluor- 
spectra are’ due to vibrativris which occur’ iti the outer patts‘of<the 
Bowell’ (Nat. Acad.:Sci., Proc. '8:pp: 409-412, June, 1917.)--The spectra 
of the elements:of the second group'of the periodic: table cha 
~ ‘by the presence of both doublet and triplet series of the: principal, first, and 


subordinate types: On plotting ‘the; logarithms..of;, the..atomic 


against the logarithms: ofthe frequency-differences between. the 

3 extreme members of the triplets, it was found, that alternate. elements.fall.on 
“straight lines. Hence the triplets of radiumshould fall,on; the lineon which 

and ‘Ba lied! From: thisit follows. that: the frequency-difference. of 


triplets should be approximately-8060, ;:Anexamination.of theknown 


radium’ lines, as. measured: by Runge’ and, Precht,,, showed a,number, of 
otriplets with the: average. frequency-difference 2016°64, 1086;15. 
vy== 8052-79. Two: triplets showed . wellemarked: satellites and 
seemed to belong to the first. subordinate. series; Although:a:study. of, the 
thagnetié resolution of ‘these lines will -be. necessary, to. establish, the.triplets, 
otlere:-seems little! reason.to doubt. that the: 
radium:spectrum.:. Plotting the Jegatithms, ef the: fze- 
-iquency+differences: against the logarithms of :the. ‘atomic: weights gives,simi- 
pair ofistraight dines... Extrapolation gives:in 
and: inthe other .case:.2816 for. the atomic weight--valyes 
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52. 6, pp. 491-605, June 7, 1917,.)—Consequent on the Bohr 
[Abs.- 1980 (1918)], Sommerfeld and. Epstein [Abs, 49 (1917)], it has been 
_ established that the realm of spectroscopy is governed by the quanta hypo- 
thesis, yet the. dynamic procedure of emission.and absorption of radiation is 
_ stillobscure. Not even the fundamental problem, as.to whether the prece- 
- dence assigned by the quanta theory to the so-called static orbit of the 
oscillating ions or electrons before: all other orbits is justified, has yet been 
. solved in sucha definite manner as to indicate whether it is one of several 
possible orbits or whether the static orbit. possesses distinctive properties 
wh - which render it unique. The former conception of. Einstein is. the more 
- general, being based on the comprehensive theory of heat radiation,. The 
\ chief difficulty which arises is that in every move of an absorbing oscillator 
froma static orbit of smaller energy toone of greater, a portion of energy. is 
abstracted the surrounding radiation field, a process which is notin 
accord with the finite propagation velocity of the radiation and with a finite 
radiation density—a difficulty which for some time back.Jed the author to 
the conclusion that the static orbits are not the. only ones possible, but that 
: they are the only ones in which emission of radiant energy can ensue. . This 
- hypothesis. has the advantage that it is compatible with those absorption © 
laws derived from ‘classical electrodynamics, and the prospect. arises, ‘by 
further pursuit: of this.view and. testing.of its consequences, of finding a 
“positive answer to the question as to whether a contradiction with experience — 
«will be found. ..Should the latter be the case the abandonment of the classical _ 
theory of absorption will be inevitable,, For this purpose the study of the 
“absorption spectrum produced by the rotation of a rigid electric, dipole will — 
bean means of investigating the application of the.laws of classical 
dynamics to the mechanism of absorption and comparing the results with 
= ment. Here the constitution of the absorption diagram is unchange- 
“able, while the method of rotation is kriown. Apparently there will now be a 
_ €ontradiction of the facts, since the rotation spectrum is not continuous, but 
' eanalised according ‘to the angular velocity of the rotation, thereby exhibit- 
ing more or less sharp absorption maxima, and thereby pointing to the con- 
~-Clusion that by ‘sufficient dilution: of the. absorbing gases, i.e. when. the 
Ss - influence of the impact of the molecules is sufficiently reduced,.the maxima 
mo. an be produced as quite sharp dark lines with bright intervals, This view 
from. the’ standpoint of the classical theory points to. the absorption of 
- fadiant heat by only such molecules as possess the necessary rotation 
“velocity ; and since according to the above theory. the absorption is 
certainly ‘not bound’ up with a definite angular velocity, it follows that.no 
“other than the ‘particular rotation’ velocities are present in gases—a fact 
which from the standpoint of the quarita theory produces the static orbits of 
_ the rotating’ molecules. It follows that’a molecule possessing no definite 
rotation velocity changes as soon ‘as absorption commences, There is, a 
continual exchange of vibration frequencies between the molecules, ‘The 
author gives a‘detailed mathematical exposition of the above argument, using 
fixed axes of rotation. . The case for free axes will be given in a future com- 
“munication... The classical absorption theory applied to. the: rotation 
spectrum leads: tothe definite demand that the spectral: distribution density 
“with: form of. a step.series. 
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horizontal: steps of equal ‘width: The step width corresponds ‘to the 
» spectral difference of two neighbouring absorption bands ;. the height, to the 
intensity of the absorption. This ‘result agrees entirely with the’conditions 
forthe derived equilibrium state: of the rotating «molecules obtained ftom | 
purely thermodynamical considerations. While:it has notyet been proved 
- that thevclassical theory of the absorption of radiant heat ‘corresponds to 
‘actual reality, nevertheless this theory applied to the phenomena’ ofthe 
8. pp. 899-401, June, 1917.}—A modification of ‘Lo Surdo’s method-was 
‘adopted, which obviated some. difficulties met with when using the Lo 

. Surdo type of discharge tube. The disadvantages ofthe ‘Lo Surdo: 

_ tube are that the walls of the tube are quickly covered with a metallic film 
die to sputtering, and the tube breaks easily on account of the heating. | In. 
‘the apparatus used in the present experiments these difficulties are overcome 
_ by having within the discharge tube proper an inner tube of Al, through . 
“which the discharge takés place, and which has a slit through which’ the 
mat passes. Opposite: this slit there is a ‘Side tube baer a window at i 


“form dis a + bE, where | ais not zero for many When a=0, 
“6 is positive. Only two exceptions to the latter rule have been found: 
“He 4686 and He 8965. Simple numerical ‘relations exist connecting the 
“values of a for the different components of a given line. Such numerical 
rélations exist fo a less degree between the values of 6. The effect in the 
“Tine He 4686 agrees qualitatively with that predicted by Evans and Croxson 
on Epstein’s theory. The numerical value of the’ratio of the distance be- — 
“tween the outer components of Hs to that'of He 4686, however, was found 
| to be 24/(8? — 2%) instead of 24/(4* — 8") as predicted by them. Two new 
of the same type as those discovered by Koch were observed in 
“helium. In neon, 84 such lines ‘were observed. | A diagram: is given 
illustrating the various types of resolution observed, — 
A detailed statement of the results together with a ful oe of the 
and method will be published Tater. A. W. 
Infra-red Absorption Spectrum of. ‘Naphthalene and AE. 
oe Phys. Rev. 9. pp. 542-658, June, 1917.)—Baly has, predicted from 
_theoretical..considerations -at what wave-lengths. the infra-red: absorption 
maxima of several substances should occur. Among these substances was 
-saphthalene. .The object. of the research here dealt with was to investigate 
_ the absorption of naphthalene and of some of its mono-derivatives, and espe- 
cially to obtain the positions of max, absorption... Since these.substances are 


solids at, ordinary temperatures, it was decided. to obtain their absorption ie: 


“curves when in solution in.carbon disulphide. and carbon tetrachloride. 
These solvents were chosen on account. of their relative transparency in the 


‘infra-red, The experiments covered a range from «to 104, and tables and 


diagrams. of results are-given for the substances dealt with, .The results show _ 
that bands which are present when one of. the solvents se aamerasaien call 
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_that the separation is approximately symmetrical, and is also proportional 
_ the intensity of the electric field. The effect of the electric field on. 


both solutions, ‘the general appearance.of absorption curves may be.very 


differents; Several: absorption bands occur which are dueto the benzene 


nucleus, The-mono-derivatives’of naphthalene have several: of: the 


bands. of naphthalene jitself;) but there are many others,which.are 
characteristic of; the derivative itself. Those naphthalene bands oceurring 


the a-derivative are generally present in the §-derivative; and there;.are 


__«ailways ‘several other bands common to both derivatives. The infra-red 
absorption curve of the a-derivative is, however, as a whole, different from 


that of the 6-derivative,in the samesolvent. :. In agreement with Baly’s theory, 


found that: nearly all wave-numbers of absorption bands for these. sub- 


stances in the visible region 


maxima ‘wave-numbers. LAbs,' 1258. (1914).j. W. 


955. Stark-cffect.on Hydrogen Lines. T, Takamine and U, Yoshida. 


“(Kyoto Coll. Mem. 2. pp. 187-146, “March, 1917.)—Howell has recently 
_ Studied the effect of an electric field’ on certain lithium and calciom lines 
‘ Jabs. 184 (1917)}. He states that the results obtained by Lo Surdo. and 


| ti ate somewhat different from those of Stark. In fact, instead of the 
“many components observed by Stark, Lo Surdo found. two p-components 
_all the lines H., Hg, Hy and Ha, and s-components agreeing in number 1 


_ the term-number of the series. The experiments here described were 


taken with. the view of deciding the question. Lo Surdo’s method was 
employed, and considerable care was laken in. the preparation ‘of the dis- 


charge tubes. The following results were, obtained :—For Hy, in addition. to 
the two outer #-components and the three s-components, which were 


_by former investigators with Lo Surdo’s method, four inner p-components 


_ two inner s-components were obtained, and these were clearly identified v 


_ Certain components obtained by Stark.. Relying on the.data given by: 
for Hy the field strength was calculated, and the distribution of the ele 


. the end of the dark space, the quantity, E — Eo, so far as the present experi- 


- field in front of the kathode was determined. If Eg is the field intensity ; ot 


_ments are concerned, seems to increase nearly in proportion to the square. oS 


_the distance from that.end,. For the inner p- and s-components it was fo 


_ lines belonging to the secondary spectrum. of yd wig was also investigated, 


_ and many interesting modes of separation, were found Further results denies 
~ with Ho, Hg, and H, will be given later, 


2 986. System: of Absorption Bands in the X-ray Spectra of the Elemenis and 


the Importance of Selective Absorplion Phenomena in Radiography.’ de Broglie. 
(Comptes Rendus, 168; pp: 852+-855, Oct. 9; 1916.)—The author emphasises the 


fact alteady ‘stated’ by Boll’ and’ Mallet [Abs, 1086 (1017)}, that the 
a Coolidge tube’are as ‘from an ordinary bulb. "Phe 
photographic spectra-of ‘the rays‘emitted in both ‘cases: are: similar, 


“They 
“show two-very intense ‘continudus bands-due ‘to: the selective absorption! of 


 “the-rays in the bromine and the silverof ‘the photographic filmjand bothX 
radiations are present.’ It'is pointed eat that the ‘K- and L-rays‘are aot 

“much wsed:in radiography, -It‘is the-continuous spectrum; reinforced “by the 
$elevtive absorption of the rays in the film; that -plays the niést important part, 
probably radiography would-be: far ‘more ‘difficult: 
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in way'almost: analogous: to that which takes ‘place: when a:black body: has 
its temperature raised. ‘The absolute intensities of ‘all the:radiations increase 
_ whilst the relative intensities are modified to the profit of the: short wave- 
 Aengths, and ori the avefage the radiation becomes niore 
“By “passing: ‘the rays’ through ‘an Al screew’almiost all the’ E-rays- are 
‘sippréssed and the* barids are limited’ more:and more as the thickness“¢f the 
_ sereen increases, on the side of the longer wave-lengths. If the screen: is 
»* sufficiently thick, very great mofiochromatism may be Teached. A. practically 


“1408 
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“monochromatic beam may, however, be obtained by plating in the path ofthe : 


a screen containing'a body of ‘atomic weight slightly greater than that 
_ of Ag. This screen absorbs sensibly all the penetrating radiations except 

- those in the narrew band which lies ‘between. the top/of. the absorption band 
- due to the'screen, and the border of the band which arises from the silver: of 
the film. The these conditions shows the phenomenon 


“967, ofthe series of Elemen of High Atomic Weight, R,Ledous 
d and A. (Comptes Rendus, 164. pp. 687-690, “April 
rai account of the uncertainty which seems to, exist with regard to the 


structure ‘of the: Laseriés 6f elements of high atomic 


“have made.a detailed:examination of the L-series ‘of 'W; Pt, Au, and Ir. .The 
results verify the relation » = A(N 7:4); (where » is: the: frequency; N the 
vatomic: number; and A a constant), forthe intense rays. of: greatest wave- 

length (a); but wide and: progressive divergencies are noted at»higher fre 


quencies asthe value of N:increases. Similar observations have been: made _ 


the: K-series of W and Pt,:and:in the case of the “M-radiations” 
“heavy elements, the above relation in these cases being » =< A’(N + 207...» 
of Ir, and -Ptvare represented: graphically; tee: relating 


“958. The K-series of Tungsten. R. Ledoux-Lebard and A. Dauvillfier. 
Rendus, 168. pp, 754-757, Dec.. 11,, 1916.)—The authors. 
examined the rays emitted by a tungsten antikathede. in a Coolidge tu 
the. to the tube the max. of t 


==0-2128 x 10*¢ cm, (feeble ray = 02058 x 10-*, ery inte 
x 10-* cm. (feeble cay), = 0: 1768. x cm, 


the 'ray pi is excited, that is, one Of ‘the 

of the’ shorter wave-lerigths inust' be ‘excited before the longer 
‘wave-letigths ‘are’ produced. continuous spectrum’ of the'rays the 
“Bulb presents quite’ a*tifferent appearance’ before;‘front’ what doe? ‘after, 


the’ excitation of the’ rays.) Whereas in ‘the’ first ease; 


energy Of the’spectruttis iti the shorter wave-léngths, in the second dase 'it'is- 


“localised the rays and the energy it the tethaiddler “OF the 
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"960. Relations belween the Spectra of X-roys, J. 1shiwara.. (Math, Phys 

Soc., Tokys, Proc, 9. pp. 160-166, July, 1917... Nature, 99. p. 424, July 26, 1917.) 

| has found the following relations between. the of X-ray 


According to Malmer, relation (A) should take the: a 
Bleck) we have instead of (B) 


The following relations also hold very exactly among the oii 3 

Lag — Lp, = Le, Ly Lp, — Ly, + A (4), where 4 isa constant. 
Tn order to account for these relations, especially (4), the author Reese a 


modification of Bohr’s theoretical formula connectin ze! frequencies and 


18 pp. 242-249, June 1, “1e17)-—The author examines the various ways in 
which X-ray spectrum lines are broadened as a result of the finite width of 
-the slit and the finite depth of ‘the “active” Jayer of the crystal, i.e. of the 
layer of molecules at the surface of the: ‘crystal, which are effective in 

-teflecting appreciably the incident X-rays. A comparison: is drawn between 
the: ‘fslit” and “edge” method of limiting the incident beam of X-rays. 
the former case the beam is restricted by a slit of lead placed in the. path 

of the rays ; in the latter a:sharp edge of lead is placed almost in contact 

_ | with the crystal surface, in which case an appatent:slit is formed by the lead 
edge and the surface of the crystal.. Diagrams are shown to illustrate the 
different ways in which the beam is reflected from varions depths of the 
“active” layer in the two cases. Excellent photographs are reproduced 
‘indicating that the “slit” method is considerably superior to the “ edge” 

method when sharp, bright and narrow spectrum lines are required. Even 
with fairly wide slits the lines are narrower than those obtained with the 
straight edge method ; the photographs with narrow slits being beautifully 
‘sharp and the lines remarkably narrow in comparison. It is clearly shown 
that the thickness of the “active layer” of crystal is important when 
considering the question of the broadening of spectrum lines, A. B. W. 


961, Absorption of X-rays, E. Aurén. (Phil. Mag. 88. pp. 471-487, 

| Juss, 1917.)—-The author has determined the relative absorption coefficients 
of several elements for a vrais Sew beam of X-rays from a tungsten anti- 
kathode, the absorbing screens being in the form of solutions, In calculating 
the relative atomic absorption ‘coefficients from the values of the relative 
“molecular absorption. coefficients, it is assumed that the absorption. of the 

_ solution is additively determined by the absorption of the constituent atoms. 
It is found that the molecular absorption coefficient is independent of the 
concentration of the solution examined. , The relative atomic absorption 
coefficients of a number of elements ranging in atomic weight from that of 
hydrogen, to that of uranium are given, and it is concluded that no simple 


gelation such as that found by Bragg and Pierce, namelythat the atomic absorp- ] 
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absorption coefficient, + It} is ‘found, hoWever, that the: graph ‘drawn with 
atomic number: and atomic absorption coefficients as arguments, exhibits: a 
grouping of the elements,’ the atomic absorption coefficients ‘of elements 
each group being directly proportional to the atomic numbers. The relation — 


(902, Ronigen Rays from: Sources other, than, the Focal Spot in Tubes of the 
Pure Electron Discharge Type... W. D. Coolidge and..C.:.N. Moore. (Gen, 
EL. Rev. 20..pp. 272-281,-April, 1917.)—-This investigation was undertaken to. 
determine. the source. and amount of extraneous radiations from electrodes. 
of the. Coolidge tube, and. to find to what. extent these radiations affect:radio-. 
graphs. of the human body, It consisted mainly in a pinhole-camera-picture 
study of various forms of the.tube.. Roéntgenograms made with the standard 
hot-kathode tube showed that: the entire target, including the molybdenum 

stem and. the adjacent end of: the,iron, support tube, gives off. Réntgen rays, 

and must therefore be bombarded. by. kathode, rays from. some source or. 

other. .. The production. of Réntgen rays from the-entire surface of the.target 
is accounted for by. the reflection. of kathode rays from the focal spot... These. 

reflected kathode fays come from, the. focal spot with almost. as high a 

velocity as that with. which they approach it, but on account of the repulsion — 

- of the charges on-the kathode and on the glass they. are forced to go back. 

and strike the target again, This process is continuous... The réntgenograms: 
show. that those. surfaces of the kathode structure which face the anode also. 
give.off Réntgen rays... These:are secondary X-rays produced by the primary: 

_ X-rays. coming from, the target, .Over a wide range of, voltage there is 
approximately 1/9 as much-radiation, from. the body and stem of ;the target as 
there is.from the: focal.spot,.the former: being but slightly less penetrating 
than the latter, Variousdevices are described for minimising radiation other. 
than that from, the, focal. spot,.but the conclusion arrived atiis- that the part 


968. ‘Laws ‘of Debierne, (Anh, de 
{IX}. 4: pp. 1809-822,’ July~Aug.,;' 1916.) —When» radio-active' 
transformation» yields a single tadio-active atom and an’ atom of | helium, then — 
dn, = —dymadt, where the namber of atonis transformed in the time 
amd. the velocity constant of the substance A. In successive changes‘ 
= — etc. ; Curie has shown how to pass by 
formula from to 1) substances. “The author suggests another way of 
regarding the mechanism of transformation and gives a formula for groups of : 
atoms ‘without considering the Successive changes’ Separately. Each atom has 
‘its particular “‘destiiy?” "A will be A for the time f, then B for the time ar. s.. 

_ and finally 7, From experiment he caltulates the number of atoms which 
have sensibly the same destiny. The number of ators A existing for the 
time f is m = Noe—*1, where Ny indicates the number of atoms of A existing a 
at time To simplify he assumes that at that moment’ only” A then, 


"The of a certain can be « le 


exists between the atorhic. number of the absdtbing:atom' and the atomic 
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The ‘Mechanism: of :Radio-active Changes: and: the 


the fundamental Jaws of:; radio-active. transformation ‘are 

jdentical: other: s;oheqtioal:: reactions,‘ thete-ure found sessintial:: 
differences; »the: understanding: of. radio-activity ‘requires::some 


special. hypotheses: Concerning constitution of the atom ‘and physical: 


ts. The peculiarity is that radio-active transformations are spontaneous 
not be ‘or influenced ‘by external ‘agencies. The author has 


itself tried? ic dischatges, amagnetic field, low‘and high 


tires, and radiations, without’any ‘result ; the fact’ ‘that‘radinm compounds 


active’as ‘the mietal shows that ‘chemical combination has rio influence.” 


Yet differences of might be overlooked, atid evidence’ of external influ’ 
ence will probably be found. ‘Thetmal agitation, which s6 powerfully affects’ 

all ‘réactions; may be’ regarded ‘as’ ‘a’ general ‘element “of disorder. That” 
element of ‘disorder ‘might exist’ also in radio-active’ Substances, and 
‘tempefature ‘need “not! affect radio-activity. There might also be’ other 


elemenits of ‘disorder, e.g. ‘a very” penettating force or ‘radiation’ ‘so’ far”. 


unkown. The atom would’ have to be’ much more complex than now’ 
supposed’; the internal’ temperature ‘should ‘be’ infinitely higher than the 
external—since the projected particles must’ be in equilibrium with the intra- * 
atomi¢ agitation—and ‘that view would necessitate the existence of an’ 
impermeable envelope of the atom, possibly of thé naturé of ‘surface’ tension.” 
The atom would ‘be divided ‘into several regions. On the outside ‘would be” 
the elements’ establishing Connection with external phenomena,’ the’ easily 
detached electrons “of ‘gaséouS ionisation ; the ‘electrons ‘of- 
_ ionisation would ‘more’ strongly Be ‘these wotild ‘be the elements’ 
(electrons and magnetotis) which determine special radiations and’ valency" 
all this intermediate’ région being’ the ‘seat of chemical affinity, subject 
temperature ‘and radiation influences.’ Ti’ the interior “are the ‘principal 
constituents of ‘the atom, the 'stib-atomis, held’ together by’ utiknown powerful 
forces.’ ‘Helium’ is ‘One ‘of the’ Sub-atoms'‘;' the’ nucleus’ the seat of radio“! 
activé-transformations, disordered, but constant’ ‘in’ ‘theif tiean 
Although the life periods of a-particles range from a fraction of a second to 
thousands of years, the mean period varies indirectly as a certain power 
of the velocity of emission. The element of disorder of molecular agitation 
may or may not be different from'the element of -intra-atomic disorder.:, ‘The 
radio-active nucleus must contain many very small. elements of disorder: and: 
probably also jelectrons, since f-raysiare emitted at high speeds. Yet the: 


“966, Use of Radium Emanation in Sealed Tubes. A Laborde. ‘Comptes: 
Rend 164, pp, 811-818, May 21, 1917,)—Apropos of a note by Debierne and. 
Regand on. this subject... Researches. of H, Dominici have shown that the 
prays, which represent only a small fraction of the energy of radium radia. 
tions, were sufficient to account for the important physiological effects, . 


Clinical experience also indicates that for rays of a: definite ‘quality. very. 
different effects are produced according as they are used in, great. intensity. 
for a short time, or in weak intensity for a ‘correspondingly long time. The 
duration of the application does not seem to be sufficient  Sempeoaste for 
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rays : (1) the radio-active power of the product employed, (2) the duration — 
of the application, and (8) the quality. of the radiations called into play. 
_. With these points kept in view, various methods of “applying” sealed - 
tubes of radium emanation afe discussed, and.a working formula for'clinical 
(Phys. Rev. 9, pp. 142-147,, Feb.;'1917,)—I€ actinium isa: branch: sproduct of 
theitiranium: series: there: should.;be.a constant ratio between the activities 
of the: Ur:in - all) uraniuny minerals. Since: this, ratio bas been 
directly-measured: ;for-only one uranium mineral’ and for: only two specimens. 
of-that mineral [Abs.;1100-(1908)} ; the author: thought .it desirable. to: deter.) 
mine:the ratio: for. another. iranium mineral. 
experiments carried out with Colorado carnotite. 
«/The values for the relative activity of the series these 
experiments were 0185,.0°176, and x Ur... Boltwood’s: mean: 


Sci. 44. pp. 69-72, July, 1917.)—Marsden, and Richardson [Abs, 812 (1918)] . 
have shown that, the:.amount..by which: the.range 
of -a-particles.depends on the part of the. range in which foil is placed... 
air equivalent;’ of the foil was. shown. to-be considerably greater when. 
_ placed directly over the source than when placed near the end.of the range. 
The-author has now carried. out experiments, (a) by: the. scintillation method 
used by .Marsden and..Richardson, and: (4) by. the.“ point-discharge 
method of counting the a-particles. the latter method.the a-particles are. 
fired through a small hole in a cylindrical chamber containing a central 
wire ‘connected ‘to a'string electrometer. A’ pid. of 1500volts is main- 
Between* the’ “point” of ‘the central. wire ‘and: the ‘surrounding 
“The entry Of each a-particle produces a the electrometer: 
the yange of a-particles‘ must be‘determinéd the method is 
equally as well adapted the’ scintillation method. ABW. 


News, 116. pp. 26-27, July: 20, 1017.)—-This: communication is mainly con-. 
cerned with the disintegration of radium halide in aqueous solution, and also. 
to’ some extent with disintegration in the solid condition’ of the salt:):The 
author's conclusions are summarised as the disintegration 
of ‘a’ halide in aqueous: solution the: excess: of hydrogen. cannot be 
satisfactorily explained: by ‘any onecause, and may perhaps be due ta'the | 

consumption ‘of ‘oxygen, partly: by ozonisation :and. partly by) peroxide 

forniation. “When: radium ::halide disintegrates the. gradual diminution .in_ 

weight cannot be attributed to the gradual disruption of its: radium-content 

alone;' due ‘to the; quantity of metallic 
The fate ‘of the: in radium ‘halide: when, metallic: has 
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Rendus,, 164. pp. 916-918, June 11, 1917.)}—The dilatometer is designed for 
use in connection with the thermal analysis of steels and the study of the. 
dilatation of special alloys. It traces automatically a curve representing the _ 

_ difference of expansion between the metal studied and a standard metal whose . 

_ behaviour is known within the: range of temperature investigated. The 

_ standard metal employed in the study of steels isan alloy of nickel and’: 

- chromium (10: 100) known as “ baros,” this alloy being not easily oxidised and 
possessing a heat capacity about equal to that of steel; it is non-magnetic, . 
and its law of dilatation almost exactly 
0° and 900° C. by a parabolic 

“Fhe metals are in the form of cinders 50 mm. 

_ silica tubes side by side (closed at one end), and heated electrically.. The» 
temperature is obtained from the known curve of expansion of the standard | 
rod, and is checked by comparison with a le Chatelier couple. Two silica 
rods are in contact with the ends of the metals at one end, and with an ws PES 
lever at the other. ‘The latter magnifies the expansion 800 times..." | 

Curves are given’for ferro-nickel, pure nickel, and electrolytic ‘The | 

curve for ferro-nickel shows the ‘anomalous contraction’ which accompanies — 
- magnetic transformation: This contraction is found to be a maximum fora! 
composition corresponding to the formula Fe, Ni, and tends towards zero: for: 
a content of 68 of Ni per 100 Fe.. From: this proportion to the state:of pure: 
Ni the singularity reappears, but-in a different sense. 
and discussed in the: case of frome oT. Be 


"970. The Kinetic “Theory Of a Monatomic Ges, s. 
(Roy. Soc. Phil. Trans. 217. pp.115-197, June 25, 1917,)—Contains. the detailed . 
mathematical development of the. theory previously published. ina summa- 

_rised form [Abs, 147 (1917)]. ‘The complete analysis brings out the hitherto. . 
- unrecognised fact that the motion of interdiffusion of. two gases at a. uniform 
temperature is accompanied by a flow of heat, which is proportional to. the 
velocity of diffusion and also.depends on the temperature and the molecular _ 


_ densities, but is independent of the other characteristics of the gas. This 


the author calls the ““thernial. flux of diffusion.”. The“ specific energy of diffu- 
sion” is greater the greater the difference between the masses and sizes of the” 
molecules... The expression for the thermal ‘conductivity, which is very com-., 
plex; differs from that given previously [Abs. 686. (1912)], allowance now 
being made for the above-mentioned diffusion phenomenon, The expression | 
for the viscosity is also very complicated: even in the first approximation ; . 
_ but the theory verifies (as proved. previously by Maxwell and Kuenen). that - 


the viscosity of a gas mixture may, for a certain ratio between the numbers. 


of each ‘molecule. per. unit volume; toa: which exceeds that.of- 
An interesting épplication dat inthe is that of the 
in the concentration of the oxygen and nitrogen in the atmosphere that would | 
be expected in the absence of convection currents,. Owing to the gravita- 
tional field the heavier gas is relatively denser. in the lower strata when the. 
steady-state is attained. The ratio of the numbers of oxygen and nitrogen. | 
molecules present would ne alter by 1/5 % oe km., while, due to the | 
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apposite direction by 1/80 % per km 


‘971. Modifications. of the Ditatabitit of and Mechanical 
Actions. C. Ex Guillaume, (Comptes Rendus, 168. pp. 654-658, Nov.27, : 
- 1916.)—Since 1898, the author has been aware of the fact that quenching or ae 
_ cold-working results in a sensible diminution. of the dilatability of invar ee 
also that the two actions can be superimposed until the dilatability actually §«§-»s»s-/§-§-" 
‘becomes negative, i.¢. a bar will contract on heating. This has beenrecently = 
gonfirmed by numerous accurately conducted measurements. After 
from 900° C.,a bar of invar had a dilatability of +065 x 10-4, but 
when drawn into wits 1°66 mm. in diam, and quenched. the. value was found ee 
to be —0°58 x 10-*, a total change of 1:18 x 10-*. The max. change effected = 8=« 
“by combined wire-drawing and quenching was 2-18 x 104, Ageing 
{heating to a moderately high temperature for the purpose of stabilising) ae 
“removes the diminution in the dilatability fairly rapidly. At 250°C. the = == 
effect produced by quench disappears, but tat 
by cold-working | sremoved. C. A. H. 


Changes in the Dilatability of Iron-Nickel under the action of 
-garious Thermal and Mechanical Treatments. Cc. E. Guillaume. (Comptes 
Rendus, 164, pp. 904-006, June 11, 1917.)—The work describedina previous 
Paper [see preceding Abs.] has ‘been. extended to other iron-nickel alloys “a 
containing 27'5 to 69% nickel. Alloys containing below 28% Nihavetheir 
'dilatabilities increased by thermal treatment and also by drawing into wire. pS a 
| ‘From 28 to 55 % Ni the alloys behave like invar [Joc. ci/.], the diminutionin = 

e the dilatability gradually decreasing as the Ni-content increases. In the = ~ 
alloy the changes are the of of those’ observed in 


978. Mechanical Hardening and Ditatabitity of Invar,. E Guillaume. 
Rendus, 168. pp. 741-744, Dec.~11, 1916,)—Wires for surveying 
purposes are coiled up for the purpose of convenience and transport, andin 
coiling and uncoiling, the fibres are subject to elastic. deformations which 
increase as the diam. of the coil decreases. | In order to determine the a 
_ quality of the wire and to establish a relative criterion of the mechanical _ : 
hardening to which the material has been subjected it is wound toacoil — 
100 mm. in diam. and allowed to uncoil naturally, when. the dimensions of 
the coil to which it expands is taken as a measure of the suitability of the . =| 
wire. Experience has shown that the diam. of the resulting coil must be ON ae z 
- least 180 mm. under these conditions ; 200 mm. represents good material, > — 

while above 250 mm. the wire is of excellent quality. Ageing at100°C.does = 
“not appreciably affect the dimensions of the unrolled coil, but at 250° (a the 9 
effect is slightly to increase the diam, Simultaneous determination of the  —__ 
_uncoiling diam. and the dilatability shows that as the former increases = 
latter decreases, Thus the mechanical hardening of the alloy hasavery @ 
“real effect on the dilatability, Cold-work produces an effect independent of 
_ the apparent: hardness and is, to adetermi- 


“974. ‘Methods and in We Cryo or tory. 

for Temperatures belween'27° K. and ‘i. LK. (K. Abed. 

Amsterdam, Proc. 19, pp. 1917, Com, No. 1614 from the 
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“Mydrogen warmed to the desired temperatureiand passed through ’thevexperi- 
mental chamber, Pal and uniform temperatures in the range 27°--55° 


‘obtainable.’ "The ure remains constant to within’ 0-01 ‘deg. for 
“Tal 0102 deg, fot’ Idhger ‘pretiminary periods. | 

‘Tt its present ¢ construction the hydrogen-vapour cryostat is not suitable’ for 
in which the phenomena the experimental be 
d by the eye, as this space is sutroundled by coppet walls T. HP. 


Isothermals of Moniatomic Gases and of their Binary 
ighgaaicad Determination of the Critical Point of Neon. “HK. Onnes, 
| A. Crommelin,’ atid’ Cath. Akad, Amsterdani, Proc, 19. 
“pp. 1058-1062, 1917." . No; 1516 from’ the Phys. Lab. Leiden 
means of the hydrogen-vapéur cryostat [see preceding Abs.] measureménts 
fe “OF the critical data. of néon have been made.. The measurements are, 
“however, only of a ‘preliniinary shapaiches since the neon employed contained 
small amounts of admixed gases, which resulted in'a gradual increase of 
pressare during condensation ; in measurements with the same apparattis of 
, the vapour pressure of hydrogen in the immediate vicinity of the critical 
point, no such differences were encountered, owing to the fact that the 
“hydrogen was’ ‘purified by distillation, The’ results now obtained for néon 
“are: Critical temperature, —298'85°C, ; critical pressure, 2686 atmos. These 
‘data confirm the supposition that argon and neon, regarded from the /point 
view of ‘the of differ bat little from each other 
E: Briner. (Journ. Chim. Phys .18. 4. pp. 465-487, Dec. 81, 
}—Starting from the atoms [Abs. 1298 all’ combinations ‘ate 
exothermic, So-called endothermic compounds are so merely because their 
“heat of formation is‘referred to thé elements under ordinary pressure and 
temperature conditions. The endothermicity of combinations, whose con- 
stituents are gaseous under those conditions, results from the fact ‘that the 
" heat of formation, ‘when starting from the atoms, is smaller than ‘the heat of 
- formation of the constituent molecules, If with rising temperature dissocia- 
tion affects the ‘molecules of ‘the constituent elements, combination’ by 
“exothermic réaction will pass through a ‘maximum. At'very high temperature, 
"put moderate pressures, the destruction of all combinations will be complete, 
“and contrary to other views, the medium will be in the elementary conditions. 
“This is supported by the researches of Grotrian and Runge that the cyanogen 
‘bands ‘are really due to nitrogen, ‘Tn the ‘case ‘of hydrogen the anthor, 
“Yhaking Isnardi and’ Langmuir’s experiments ‘and Nernst’s heat 
‘theorem, shows that the’ dissociation influence: of temperature’ would ‘be 
“very strong ‘tp to 6000° ‘when, at ordinary pressure, 99 % of the molecules 
‘would be dissociated into atonis ; but if at that temperature the pressure were 
vaised to 100,000 atmos., only 2% wotild be dissociated.’ In the case of NH, 
“at ‘vety high temperatures and’ moderate Pressure we should find N and’ y 
"atoms exclusively ;'at very high pressires' and moderate temperatures only 
molecules of NHs; in interval NHs, Nz, Hs, N; H would occur.’ A’ similar 
ulation is made for NO, The extreme temperatures and pressures, cannot 
realised in ‘the laboratory, but exist probably in’ stars. ‘According. to 
‘compounds ‘exist in the interior ‘of the sun ‘which, cartied ‘to 
surface, decompose with explosive ‘energy under normous “evolution, of heat 
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‘Out.'that no other manifestations, so. of chemical, affinity, could 
for' the -solar:heat. But)the dissociation need, not, in. the cosmos, stop 
oat the atontic stadium ; there :may-be further; disintegration, interior, of 


Amprovements in Caiari ombustion, and the Heat of Combustion 


Selskabs Forh. p. 459, 1916. Zeits. Instrumentenk, = Béibl. ‘5. pp. 41-48, 
March’ 1, 1917) —The' object ‘of these’experiments was’ to’ the 
“vapour pressure of ice ‘at very low temperatures, and to obtain, if 
‘sible; new foundations for the ‘truth of formula showing the dependence 
“of Vapour pressure on temperature, The principal difficulty in such measure- 


and. previous restilts are not to be relied on below 60°C. statistical 
“method was adopted, the pressure’ being ‘measured’ ‘by an absolute mano- 
meter, which. was sensitive to a difference ‘of ‘pressure of 0-001 dynejem/, 
Bid a Wollaston hot-wire manometer. Spécial care Was taken to have. the 
correction for thermo-molecular pressure as smiall as possible. 
“Control méasureménts were made with'4 ‘mercury manometer, ‘temperatures 
‘registered by a Pt-resistance thermometer. The water hese _ 
obtained partly by repeated distillation, partly by synthesis. bre 
Experiments were Conducted at temperatures from —22° to 198°C. 
“tHe results were placed in a number of tables, and are found to agree ari 
well: with the vapour-pressure { formula due to Nernst : 


Jog (mm, + 146 log + 


and Tubgsien. A. G. Worthing. (Phys, Rev. 9. pp. 226-227, March, 1917.) 
“—Describes measurements of the red and blue brightnesses of very thin 
ribbons of Pt and W raised to incandescence. ti) by absorption of radiation, 
and ii) by electric current. No differences between the blue brightnessés at : 

given red, certainty in either case 


Cimento, 12. pp. 196-212, Nov., 1916.)—A revision of the author's previous — 
method [Abs. 1996 (1914) ] of calculating the ratio of the two. specific. heats, 

with adiscussion of the nature and the. amount. of the possible errors. A 
direct determination is made of the mechanical equivalent of heat. Py anaes 2 


<i ‘of the Clément and Desormes apparatus. 


he Foule- -Thomson Effect in Superhe Steam. 1. Esperimentat 
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effect in’ superheated. steam, and. also of its product by 
‘the ‘specific heat at constant pressure (zC,). He realised then that the 

‘control or elimination of heat-leakage in these experiments was.of the 
greatest importance, and the present work is an attempt to secure this and 
hence obtain reliable values of If the true, and (= ATi/Ap) theapparent 

-Joule-Thomson effect, f the flow (mass of fluid passing in unit time), 8 the 
2 = leakage in unit time, C, the specific heat at constant pressure, and AT 

and Ap respectively the temperature and pressure drops (assumed $0 ‘sriiall 

that » and»C, may .be assumed constant), then AT 

4° To eliminate the effect of heat leakage, “experiments at approximately the 
“same pressure and temperature, but with different. rates of flow, must be 
conducted. The flow may be varied without varying the temperature drop 

- by using different plugs; or the pressute drop and the flow together may be 
-waried, using the same plug throughout. The second mes was feans 
to be simpler and to give the most consistent results. ,__ 7 

- It is an experimental fact that a curve obtained by plotting a ak uf 
| ve: a straight line. Data and curves are given in confirmation of this. Hence — 
| “ leakage term” in (2) must. be of. the form, 3Q/fapC,==A + Bif.. .(2a), 

eco It can also be assumed. that A==0; other- 
wise 8Q would contain 4 term to fap, which is’ shown to 
extremely improbable. 

_,.. Hence p may be delcsinted fGen: any point in the straight line mentioned 
above by adding B/f to the ordinate at this point (AT, Ap or py’)... 

_. Measurements have been made with several types of throttling app: ratu 

The various types may be classed as (1) “ Radial flow,” where the plug i is a) 

_ shaped as to cause the fluid to flow throngh it in a direction parallel to the 

leakage temperature gradient ; (2) “ Axial flow,” where the flow is perpen- 
dicular to this gradient. One type ‘was specially designed to investigate the 


-_ effect of variation in lagging, since “internal lagging,” i.c. lagging between 


_ the metallic support of the plug and the high-side fluid, is the remedy for 

a secondary leakage effect in the radial flow apparatus known as the 

_ “regeneration effect.” The result of this — is observed tem- 
- perature effect is too high. 

Most of the numerous at the same 
_temperature and pressure, and the work is therefore, at this stage, of little 
_value to those who are primarily interested in the thermodynamics of : super- 
“heated steam. Experimental work at other points is promised in a'future 
paper. For details of apparatus, figures, and diagrams, the original paper, 
“which is very full and detailed, should be consulted. The value of ‘the 
coefficient in steam at 165°C. and 8°86 kg.jcm.’is given as 
deg. C. per kg. per cm’. This agrees ‘within less than 1% witli the 
Mean results of Grindley, Peake, and Griessmann at the same temperature. 
existence of a small positive is 
| the order 0028 deg. C. B. 


Poisson's Laws and’ the Aeriform State in lo the First Law 
Thermodynamics. G. Guglielmo. Cimento, 12. pp. 145-166, 
HOP 


A. ‘Albertoat (Journ, Chim. Ph ‘879-889, Dec. 81,'1015.)— 
VOL. XX—A.—1917. | 
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attraction between two spherical molecules varies directly as the product. of.. 
the masses and inversely as the sixth power of ee se 


and 2; the densities (reciprocals of 1), and @ and constants, At low tem- 
perature 2, becomes very small and the sécond term vanishes (formula (6))." 
- Since further at low temperatures 9," is. very small, the formula assumes the” 
shape L = a(A— BT) + RT =A; — BiT [see next ‘Abs.). It is’shown' by” 
tables of data (hydrocarbons CCl, CO) mainly taken’ from S. Young, that’ 
formula (b) agrees with observations within 02to'0°5 %. It is finally pointed” — 
out, however, that the formula of Mills (1906) : L — + — 2) 


A. Albertosi. (Journ. Chim. Phys: 18, 4. pp. 890-898, Dec. 81, 1915,)—.. 
By combining the formula of Gibbs- Dupré for the change of vapour pressure . 
with temperature : log p == m/T'+ T + 2, m,n, being constants, with. 
the "thermodynamical formula «of Clausius  dT/dp= and. by) 
substituting for L the value:of formula (6) [see preceding Abs.], the author, 
finds A — BT, presuming that saturated’ vapour obeys the law of 
Boyle-Mariotte. This formula expresses the thermal dilatation of, liquids—. 
non-associated again—with a remarkable approximation, as is shown. by data . 
due ‘to S. Young, Pierre, and Kopp. The: constant A represents the theo-., 


‘retical density at absolute zero, and can be deduced from: 


two Ty and Ty A= — Ti) Be 


986. Kindlic Theory of Gases.’ C. del Lungo. . (N. Cimento, 12. pp. 166-_ 
Oct, 1916.) — The equation pv == (Joule 1861, Kénig 1656, 
Clausius 1857) implies that the. temperature depends solely on the kinetic 
energy and. that a compressed gas does not contain more energy than a 
rarefied one at the same temperature, so, that potential energy is. not . 
stored up, in the ordinary sense, in a. compressed gas. In unit volume 
p = 4(pw/2) == 3 the molecular kinetic energy per unit of volume; i.¢. p is 
proporti to the energy density. The different proofs of the equation — 
have not all the same value, In Joule’s. scheme the gas is 
supposed. divided into three equal portions, each travelling parallel to a 
rectangular co-ordinate ; . this harmonises with unconstrained. motion as 
regards the resultant pressure; but not as regards isotropy (n, 9, #v in 
' different directions). The product mv measures the flux of particles across. 
unit'of area ;.on this depend internal friction, diffusion, thermal conduction ;. 
on Joule’s model these would be different-in different directions. In Clausins’. 
model. all. the particles have equal velocities, these being in all directions 
from ‘a’ point of origin. Clausius’. model is taken as. the basis of a more , 
general treatment, applicable whatever. the distribution of the molecular 
velocities. . The result is # = Nmw/8, where w’ is the mean of the squares , 

‘of «3 but there are, preponderating .incidences as regards the number of. 
impacts (@ = 45°) and as regards the pressure (48° 58°), Maxwell's law of. | 
distribution of kinetic energy and therefore of velocities is, 
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was at first>inconclusive: :: Maxwell's} 
to by some’ mathematicians (Bertrand and others) and defended, by: 

Tait, Borel} arid others; is shown ‘to be a necessary primitive property: 

of the function which solves the problenr: of statistical equilibrium among :a ; 


986, Atomistics. . V. Corresponding States and Volume at Absolute Zero. 
R..Lorenz, (Zeits. Anorg, Chem, 94. 2. pp, 240-% b, 29, 1916, ‘ 
- fae, the heat :theorem. of Nernst and his rule, as to. the constancy af ‘the’ 


_ behaviour. of. expansion coefficient and specific heat - afford the most exact 


_ method, of .calculating the volume of.a substance at absolute zero from the” 
liquid state... The. doctrine. of. corresponding states enable us, | owever, t @ 
utilise many of its chemical and physical data, though the method is. neithe | 
new.in principle, nor very. exact. to van der Waals Vo= b = | 
or Vx/V» = 8, where Vo and Vx are the volume at absolute zero and the 
volume and 6 is the volume constant ; according to Berthelot Vi/Vo = 4; the 
general mean value seems to lie between 8 and 4. Nernst found for oxygen 
2°87, for Cl, 8°82, ¢.g., the mean of these\iand’other ratios: being 8:47..S. Smiles 
found for the critical density and the'density iof the solid d,/d,: oxygen 
nitrogen, 8°48, CO, 8°41; etc.; mean 8°49, As regards temperature. of boiling-; 
poitit’ T; ‘and critical: temperature Tx; the méan, ratio: T,/Tx is: Guldberg., 
(65'substances) 0°658, “Lorefiz. (187: substances):0°688, W. Herz (27 inorganic: 
substances) 0°599.. The ratio critical volume/volume. at. boiling-point; seems. 
to ‘have the mean ratio 2°66; the temperature: solidification/critical;. 
_ temperature 0°44, but oF.) Clarke, 1896; and. Kurbatow, 1908, found.in; 
_ different series of compounds values up to:2 and 8; the mean ratio melting ., 
temperature/boiling temperature 0°68. (Lofenz,: 225. substances) or 0°65. 
24 elements); the: mean ‘ratio volume at: boiling-point/volame jat 
meélting-point is 1:1748.-- From these ratios-the volume!’at absolute. zero. 
deduced as is shown for ethyl alcohol and carbon tetrachloride. In 
oa table the single ratio valués' for one'substance may differ, but the mean 
values tend'to conform. The deviations become larger absolute zero) and 
considering’ that notie’of the equations of state pay any 
‘to the chemical nature and ‘the constitution of the substance:: From 
is point of view substances which obey'the rule’ ‘of 
it'be called “ideal physico-chemical” substances.) 
“NT. Calculation of the' ‘Space Occupied by ihe Molecules’in Close Packing. 
Lorenz. (Ibid. 94.12: pp; ‘255-264, Feb:'29, 1916))—The: space’ really 
occupied by the molecules’ can’ be calculated from the mean radius atid thean 
free’ path, refraction, dielectric constant, ete., and further from the equation’: 
of ‘state. If 6 (van der Waals) be the volume correction = 49, where » is the 
space really ‘occupied, then’ == 4, and ‘as Vg/V¥, ='8, 12; ‘that is; 
the volume really occupied by’: the molecules’ at atisolute zero'is 1/12 ‘of the 
critical volume. '‘Berthélot’ ‘accepts = 4, but takes: 4, so that: 
= 16. E. Meyer makes ‘'V, = "Whilst Clausius “and 
G. Jager’ assume =?2°5, 177.’ Guldber'g; probably! the: 
best work of this’ kind, finds Vil 876, which lies between van‘der Waals 
and ‘Berthelot (8 and “The upper’ limit ‘of space ‘occupation’ would ‘be 
OF = and’ the value’ Bor 4 bé regarded as lower limit: 
If ‘the molecules be’ sphetical) the Glosed ‘cubical’ ‘packing would give» 
Vol 21°91, and the closer tetraliedral’ packing ren: 
Hendé thée° upper ‘and’ lower limits ‘would (or 6-6 °Meyer). 
The question arises, however, 
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is really, constant, 
constancy. may. exist, only:.for, 


Mule Shacesilling. and. Mobility Organic Jans; R., Lorenz) abd 


Posen..,| (Zeits,,.Anorg.,Chem, 94: pp. 265-287, March, 1916,)-+Loreng 
showed in )1910 that the diametegs:,of monatomic ions.(calculated from, their 
mobility. after Stokes-Einstein), are. of the order ofithe size. of the:atoms. , 
"considerations of space-filling. [see preceding paper,,V1] are now.extended. to. 


 thigededuction.. The. authors. calculate ;the..space-filling by. the: ions, prede-.. 


termine the ionic, mobility, and, compare their mobility, values. with, Bredig's., 
observations.: By ionic volume.they understand, the; volume occupied byone; 
gramme-ion; similarly they speak. of ionic: weight.;.as the:,density. of 

is unknown, they proceed indirectly with the aid of .cognate‘compounds and 


Kopp’s law... For instance, the mobility of the butylammonium-ionis known, 


further the. density.of butylamine ‘and of , butylammonium chloride ;.Kopp's 
law gives the molecular volume. from..the, atomic volume. at, boiling-point.:,, 
this is, reduced. to absolute zero:,volume,-by the relation. The; 
ionic: volumes J, and Jo-are also referred. to boiling-point and. absolute zero., 
Calculations nade. for 122, mostly. monovalent. organic ions, with. kathodes.. 
and anions, show that the mobilities. fall within. the predetermined limits: 
(with few exceptions) so that the ionic space of monovalent ions—including 
bivalent; kathions, not bivalent: anions-is not: greater than,that,calculated. 

from:the volume of the substance., This;conclusion. seems incompatible with 
the assumption that the ions are completely surrounded bya skin of..water.; : 
_ if that skin: had the thickness of one molecule only, the mobilities. should. be . 
‘smaller than those observed. Inthe mean .the. experimentally observed, 
mobilities. correspond to a spacesfilling which jis in: accordance with: Rein-: 
ganum’s equation of state, It is finally pointed out that the ionic volume.and . 
space-filling should be taken in ionic, 


“987. Absolute Value of and “Artes! 
164. pp. 774-776, May 14, 1917.)—The author here proposes to demonstrate 
_ the validity of his previous choice of an initial state, common to a substances, 

from which their. entropy and energ ‘may, be most’ ‘conveniently méasared. 
This state was defied as follows ‘temperatiire of absolute ‘zéro it is” 
condensed to a saturated which exerts’ no’ pressuré ; every finite 
volume-increase at constant ‘temperature only results in ‘the emission of ‘an 
infinitesimal amount of vapour at the fixed tension T= 0, p = 0), 7.2. its” 
energy and entropy remain zero 625 (1917)], Every: ‘diminution oF 
volume obtained by” com sression at constant temperature entails a g 
of pressure and en to. positive vatues, while the entropy em 
zero. In general y. at absolute zero has zero entropy, and zero of 
tive ener , whatever ‘be the pressure ‘and’ yolume. ‘The’ author goes on 
prove from a study of temperature increments that the @ntropy of ‘any body’ 
ned by its volumé“and témperaturé is positive extept ‘at: ‘zero, 
when it is zero, Similarly énétgy ‘48 "shown to incréase’ ‘positively. 
Entrop y and energy are thus found never to dectease below the value ‘pos! | 
at the above-defined initial ‘state: ‘The ‘state’ ih ‘which’ both’ entropy. 
and. energy. vanish is that i in which, ‘at the absolute zero, no pressure is sup- 
ported by the body ; in. the fatter fs incapable. of 
work or “parting with energy in the form of heat, 


988: The- Critical Opalescence, Cardoso. Gourn.Chim: 


onthe critical state it isobserved: 
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an In three series 
COQ;, CO; oA. O, N, etc., made’ in different ‘tubes of several diametérs 
filled to different degrees and agitated by different means, the author observed’) 
the: opalescence through a’ range of only 0°4'deg. ‘C. below the critical tem- 
~perature,‘or of 6 deg. ©. (6 deg.’ both below and ‘above ‘that point), or’ only 
above the point; the permanent gases, moreover, did not show the ’pheno- 
menon sometimes. ‘The emulsion theory, ‘proposed by Altschul in 1888 
already, seems to be excluded; since the liquid could hardly exist 8 deg. above 
the'critical point. Discussing other suggestions, the author finds the explana: 
Smoluchowski’s molecular kinetic theory of the opalescence ‘of gases” 
_ [Abs, 1687 (1908)] ‘which connects the heterogeneity causing the phenomenon — 
_ with the velocity-distribution’ of the molecules; as the temperature falls 
the ‘velocitiés become more uniform, and local difference in density less © 
marked. ‘Smoluchowski’s formula has ‘since’‘been confirmed by obsérva-— 


of Onnes ‘atid’ Keesom, 'and Schidloff [Archives des Sciences 84 


(2915)] ‘has deduced it from thermodynamical considerations. ‘The visibility 


989. Equation of Shale of Solid M. B. Weinstein. 
52.5. pp. 506-626, June 7, 1917.)—In this concluding communication: 
the molecular form of ‘the equation of state for solid bodies ‘comes under ’ 
_ review. Monatomic substances are first treated, the cases of free oscillation 
and when impact takes place being dealt with. In this latter case eset 
assumption is made that the virial of the molecule is either quite constant or 
at the most only dependent on the temperature. Following this comes a 
discussion of higher atomicities.’ Griineisen’s work is critically examined. 
_ ‘The whole paper is an exhaustive mathematical treatment of 


"990. Critical Point, Critical and a 
of dir, J.P, Kuenen and A. L. Clark. (K. Akad. Amsterdam, Proc. 19. 
pp. 1088-1098, 1917. Com. No, 150s. from the Phys. Lab. Leiden.) —The. 
_ Critical temperature and pressure of air have been determined by Olszewski, | 

, Wroblewski, and Witowski, but their results do not agree amongst one 
another as well as might be desired, The main object, therefore, of the 


present. investigation was to. obtain reliable values for the critical constants, 


including the critical density, which involved a detailed study of the 
condensation-phenomena in the. critical region. ‘Wroblewski had noticed 
that air behaves differently near its critical point from other substances, ‘ 
which behaviour he correctly ascribed to the circumstance of air being a 
mixture, although the special phenomena which he describes were largely 
due to insufficient mixing, The authors have therefore repeated the 
- investigation with all those precautions which previous. work on mixtures P 
proved to "be necessary, and. amongst others they have tried to 1 af 

“retrograde” condensation which is characteristic of mixtures. “So far, an. 
investigation of this sort has never been carried out, except at ordinary and 
higher temperatures, and, as expected, it proved to be beset with great 
experimental difficulties, which, generally speaking, all originated ‘in the” 
circumstance that the mixture cannot as a whole be cooled down to a 
low temperature, at least, ifthe possibility must be left open—and this: is 


af essential condition in’ the experiments here ee 
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the volume of the substance gradually: '‘Asubstance which at the very low 
temperatures could ‘play the, part that is otherwise fulfilled by.mercury, wiz. — 
that of, enclosing a fixed quantity of the substance-in.a variable volume, is , 
unfortunately mot known. . [tis therefore necessary to. compress the mixture _ 
. in-asmall tube, which is closed at the bottom and cooled to the low. tempera-. . 
ture, by. means. of a thus using the, same. method, as followed 
with pure substai so..that every time’ a different, fraction. of the 
quantity of. ‘substance. is. present in the .observation-tube,. With. pure, 
substances this does not involve any fundamental difficulty ; by measuring 
the quantity of gas present in the part of the. piezometer. which is, outside 
the cryostat, the quantity in:the observation-tube ‘can at each measurement | 
be derived by subtraction from the total quantity, even when the siibstance 
is “With mixtures this is different : in the, condensation of 


it is ‘necessary—in to obtain 
—seyeral times in succession to lower: the pressure in the ‘apparatus | 
normal and re-compress to the high pressure. Otherwise: in.consequence of 
the very slow diffusion in the capillary connecting tubes with the madi : 
tube'of the piezometer. a mixture of higher boiling-point remains behindin 
the small experimental tube, so that the succeeding observations. are’ bound © 
to be incorrect; and amongst others the condensation. even willset in also... 

observation-tube, capillary, and: stirrer: were; the;same tised “by 
Crommelin in his investigation of argon. «: Full experimental | details are given 
in'the paper together with the necessary precautions. : A distinction has'to be. 
made between’ two different critical points. the ‘plait-point, where the.two 
coexisting phases become identical, and where thus the critical phenomena, 
will be most conspicuous, and, secondly, corresponding to a. somewhat higher 
temperature, the critical point:of contact, i.¢. the limitdor the separation into. 
two phases. In.the temperature-range between, those..two points the con: 
densation is “retrograde,” in this case ofthe first. kind, . The, authors have . 
succeeded in confirming these several theoretical; conclusions | for air, da | 
have thus been able to. shy wv, that, at these very low temperatures, t the 
phehomena aré no other than what ‘theory leads ws to expect.’ ‘The experi- 
ments weré far from easy, as the two points lie very cldsé to ether, which’ is’ 
conhected with the circumstance that the condensation “loop in the 
igure turned ont to be Comparatively narrow.” The piait-point was found 
14078, p = 8725 atmos. the critical point of contact at —140°68, 
p= 8717 atmos. A ‘full description is given of the sensitiveness' 
the substance in the critical region to changes of temperature and pressure. 
More than once a blue: opalesvetice’' was’ noticed, when the pressure’was 
sdmewhat Jower than that’ required’ to. produce ‘the cloudy:condensation; and: 
sometimes’ persisted during the’ stirring: a ‘rapid movement of ‘the: 
stitrer the opalescence could as a'tule be ‘changed ‘into @ mist. 
and argon donot seent'to show opalescence. © 


| series of observations in which the mixture is alternately compressed anc a 
expanded the mean composition will even vary from that of the whole, > 
thereby rendering the observations valueléss, ¢g. with air. when partly = 
| liquefied and re-evaporated, the nitrogen will principally boil away, render- 4 
ing the mixture richer and richer in oxygen. It was thereforé necessary in E. 
the. experiments to lay down the general rule when partial condénsation a 
has once set in not again to increase the volume, and, if the observations oS 
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‘Tonodeik: ‘LY B. Dodd: ((Séientific ‘American, 
pp." 410 and’ 422-495, ‘Nov. '4;"1916.)—A’ semi‘popalat afticle’ On ‘various 


or indicators OF pitch concluding with the’ which is a 


niddification of Seashore’s tonoscope. “These strobostopic 
show (to a few vibrations ‘per sec.) the frequéticy of a note'sung by’ 
a pétforitier when practising, and thus enable hit to train the voice withdut® 
The exact det details of the appatatus are not Explained, 


Se 


902. Binaural Beals. Stewart. "Phys, PP. “602-508, 
and 514-628, June, 1917,)—A series of papers preseriting 
an introduction, a treatment of the secondary intensity marine, and ; | 
of binaural beats... | 
. When two tones of almost. the same pitch, are presented one to aaah” 
ear, there appears an intensity. maximum with 0° difference in phase, and 
secondary maxima at phase differences of 180°— 3 and 180° + 4. The 
secondary. maxima are perceived clearly only when the beat-period exceeds | 
one or two secs, | They seem to have an origin somewhat different from that. 
of the. ‘zero-phase maximum. value of varies from. 0°17 (for fre-— 
quencies of 42 per to of The 


und Philotophi,” 1906) 


993. ‘Analogue to Open: Pipes: ‘en Zeits: 18. pp. 188-184, 

April1, 1917.)}—As a vibrating \system analogous to an’open pipe, a stretched 

string is here considered,:divided into three portions: The. first:portion, of 
considerable density, represents the air in the pipe ;:the third portion, of 

much less density, represents the open air; while the second, or intermediate, | 
of graduated density, represents the special region'which gives the correction: 


Rendus, 168: pp:272-278; Sept. 11, 1916.}—Discusses’ with diagrams the 
_ course of sound waves ‘with and against the wind, which latter is steady’ near - 
the ground arid for soni height, and then oe a certain further’ 
height) down to a dead cali. 


Musical Sounds, and. their Analysis. D. C.. Miller, Phys. 
Chem,. 21. . PP 888-842. April, 1917... Review.) —This book isa a. develop: 
ment of a series of eight lectures on sound analysis. hab at the Lowell. 
Institute in 1914, and.j is noteworthy for the wealth of illustrative experiments, | 
described, the most, important were obtained the 

gtaphs, of the. various, tone, phonodeik, [See Abs. 

Theory E, Budde:. (Phys. Zeits 
May: 15, and pp, 249-260, June:1, 1917,)--A: review, of the. knowledge. 
obfairied ‘and:views held on this subject from Helmholtz, ito recent:times.. 
The: first. division deals. with. the perception. of sustained simple tenes ; the. 
second treats of intermittent tones, phase-change ‘tones, and. 


4, 
2 
ig with the physical state of the observer. It is pointed out that much of what | 
4 is known on the subject, and often overlooked, is given in the excellent works 
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Todiman and T.'D. Stewart. »(Phys! Rev.) pp, 164167) 


a previous article some experiments were ‘described in which 
wire was rotated about its axis ata high speed, and then suddenly’ 


to ‘rest, the ends of the coil being connected with a sensitive ballistic galvano- 
meter, which permitted a measurement of the pulse of current whidh was’: 
produced at the instant of stopping by the tendency of the electrons to” 

| continue in. motion... These: experiments. have been. continued.with.aew — 
of copper, also. with others, of silver.and-of aluminium. Foryally 
three. metals the. effective mass. of. the, cartier comes, out, somewhat dacger, 


The. latter, is about. 1/1845..of the atom, whereas the, authors. 
to. be in. in .Al,. and. 2/1540 


‘908. Electron in Gravitation Field, | 


(K. Akad, Amsterdam, Proc. 19. 6. pp. 892-896, 1917. }-Hilbert We 


Gottingen, Nachr. p. 895, 1915] has derived the fundamental equations of an’ i 
electromagnetic: field in space freé from electrons from a variation princip gee : 


in which the ptincipal function is” considered as depending on a 


dimensional vector-potential and its differential coefficients with féspect ‘te 


the four coordinates, The author shows that by adding to Hilbert’s principa 
function a term représenting the effect of the electrons, and procee ! 


the lines followed by Lorentz [Abs. 720 (1917)], Hilbert’s method may be 
to a ‘space cotitaining electrons, Ww. DE 


168; Feb., 1917.)—-An experimental research which: may be: 
follows :--(1) Jones's theory as.to the cause, of the reversal.in‘sign of the! 
charge produced on a metal. ‘specimen. has been proved incorrect.,.{2): For: 
each of the two alloys examined the max. charge was not the average ofithe: — 
max. charges of. the constituent metals, being, in fact, no larger than that from 
the constituent giving the smaller charge. (8) A relationship between the 
charge and the absolute humidity, for a definite amount of frictional work; 


has apparently been found to exist. (4) The decrease in the charge ppoduced — 
by a definite amount of work on a specimen which has been allgwed to — 
remain if’ contact with the'atmosphere afterprevious rubbing, has been 


shown tobe caused by contact with a mixture of air and water-vapour, and 
not by an elastic recovery. To explain the: facts, a based upon 


‘the adsorption of sin. the metal, Bas proposed. 


1000. ‘Complete Photoelectric Emission from Na-K. 
. Soc., Proc, 98. pp. 859-872, July 2, 1917 )—Shows that ‘law 
- the variation of the complete photoelectric emission from the alloy | of K 


Na. with the temperature of the source. of, radiation is well expressed. by 
0. W,. formula for. the temperature variation of the 
from metals. This formula i is is the work! 
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done in removing an electron from a hot body, « is the gas constant, and A is 
a quantity characteristic of the substance, and independent of the absolute 
temperature T. The alloy consisted of K and Na in atomic proportions, and 
8 cm, above it.a horizontal Pt wire traver; by a.current and nearly enclosed 
ima silver sleeve formed the radiator. The temperature “of the radiator was 
controlled by. placing small crystal of some substance of known melting- 
point (saphthalene 80°C., PbCi, 447° C., NaCl 801°.C., KsSO, 1070°C,) on. the: 
wire. and increasing the current until. the crystal. melted, The photoelectric 
currents’ were measured either by. galvanometer or electrometer... 
photoelectric emission: is most probably a definite proportion ‘of the 


‘Wilson. (Nat. Acad. Sci., Proc.’8. pp. 426-427, Jane, 1917,}—The thermionic’ 
current from a hot kathode i is given by the equation i= ao”e~¥/*, where @ is” 
the’absolute temperature, and are constants. “Richardson and Cooke, 

and later Lester, have obtained values for tungsten which are in very good 
s ent with the values of b obtained by Langmuir and K. K. Smith. On 

other hand, Wehnelt and Jentsch, Schneider, Wehnelt and Liebreich, 
and Richardson and Cooke have all found that for lime-covered kathodes 
either the effect is so.small in comparison with other energy changes as to be 
completely. masked, or that there is no correspondence between the two. 
quantities. Since these experiments suggest that the mechanism of ther- 
mionic emission from Wehnelt kathodes is different from that for. pure 
metals, further experiments were made by the author to determine whether 
consistent results could be obtained by using more stable kathodes, If W is 

a work done by an electron in leaving the surface of a hot body, | Ww == bR, 


vhere R i is the gas constant for one molecule. If it is Assumed that the work oa 
done by, the electron is that done by moving through a double layer of 
strength ¢ we have W=9e, and ¢=bR/e. The method of Richardson and 
Cooke was used for the direct determination of ¢.\: The constant 6 was deter-_ 
mined in the usual manner, the thermionic current being measured with the. 
kathode’ at different temperatures, which were obtained by means of an — 


: 
80,100 2°59 264 > 
aid 28,500 2°02 1:97 
$ 


kod wan costes with 60, %, 96 %, CaO 96 % ; fila- 
memes with BaO 50 %, SrO 50 ‘ ; and filaments 5 and 6 with CaO 
we “Tt appears that for Wehnelt, kathodes the values of g and bR/e showa 
ad ‘Correspondence. This is a strong point in favour of the view that the 
emission of electrons from Wehnelt kathodées is due to a similar mechanism 
te that causing the emission from heated pure metals. “It is also a further 
rool of the substantial correctness of Richardson's to account for 
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-iieasuring the discharge ‘potentials at various: temperatures: of ions*such as 
NOs, Pt wire is immersed dilute salt’ solution and ‘its:t 
raised by an electric current. On this wire is dischat ged the anion of the salt 
by another current, passing through’ a second circuit which'includes the mid- 


| 


“Chand Br ions respectively with the strength of the current;;when the elec- 


trolytes are pure salts ‘of Cu: ‘When the temperature:of the wine is 80° C., the 
- current-potential curve is almost vertical for small currents; tending to become 
“horizontal for greater currents, ‘The decomposition: potentials,.of .SQy NO,, 
“and Cl on the Pt wire at'80° C, are about'I-5, 146, and:1°6 _ 
‘are quite different when the Pt wire is at 96° C.:. The discharge potential, is 

‘almost independent of the current strength, so the:effect. of :raising, the, tem- 

perature: of the wire is to make the discharge: of such:ions resemble that, of 
reversible ions like those of Cu or The decomposition: potentials, for NOs, 

Clyand Br ions at 96° C.are 0°78; 0°75, and 0°45 volts: respectively, It,is 
- apparent that not only has: the phenomenon of: overvoltage disappeared at 
96° but that the decomposition potentials of Cl.and. Br ions are less than their 

respective normal electrode potentials. Attempts were: made.to. find the.dis- 
agharge potential of I-ions by using .a cell 
is ‘not’ at all similar to those for Cl: 


1008. Motion of Tons M. “Wellisch. 
(Phil. Mag.’84. pp. 88-86, July, 1917) J. Sci, 44: 1-82) July, 1917.)— 
“Tn determining he mobility (*) of ions as a function of the pressure (p).of the 
gas, the author has shown [Abs. 1099 (1916)} that, in the case of air, pk==,const. 
‘down to 0°05 mm. for positive ion, and that the negative.carriers consist 
“of ‘two kinds, electrons ‘and ‘ions, the former coming» more and more. into 
evidence as the pressure of gas is reduced: The law pk =const..was.verified — 
‘for the negativeion down to 015 mm,and the ion, therefore, is thaltered:down 
to this pressure. The electrons move freely through the gas without attaching 3 
“themselves to ‘molecules.’ “No indication of any intermediate stage in.the nature 
of the negative carriers was detected. These ‘results have been extended in 
presetit investigation to other gases, notably CO; and hydrogens’ For these 
- ‘gases the’ electrons are relatively more numerous than in air at corresponding — 
pressure. A trace of impurity is found to be especially effective in reducing — 
‘the ‘huinber of free electrons when the gas ‘is relatively high pressure ; at 
‘pressure the’ effect is often’ inconsiderable. In most» casesa velocity 
than that arising from thermal agitation’ at’ ordinary ‘temperatures 
appears’ to’ be necessary to ‘enable the electron to 
Be sbi an uncharged molecule of gas or impurity. - 
‘For ‘the vapour’ of petroleum ether, whose 
and hydrogen, the negative carriers appear to. consist. practically 
i phe results do‘not indicate that the velocity of the electron is proportional to 


the applied force, but suggest’ that the electron may traverse considerable _ | 


VOL. XX.—~A.—1917. 


ELECTRICITY AND’) MAGNETISM 
6 
ee? 
1 
3 
eg 
‘ 
+ 
SOAR 
ty 
ay 
( 


was emplye the mbit ins few vapours 
compared/with previous determinations... 
Aelong discussion: is: given of :the bearing. of the results on: ionic theory. 
pies and electrons:are ‘regarded. as, passing independently. through the gas 
wnchanged in natore.. The transition from conduction by ionsin.a gas at high 
-hpreéssire to:conduction by electrons at low pressures is explained as due:to an 


inereasein the tiumber of free electrons relative to the number ions, without 


any change in the nature of either carrier. From this point of view the per- 
- manent gasés must contain free electrons, theoretically at all pressures.’ The 
inert gases and ‘hydrogen: are ‘regarded as exceptional, not in their: power of 
“eontaining free electrons; but by their to 
proportion of electrons to ions. 
The experinients on petroleum ether that the. siegalive in. CO, | 
ete, are due almost entirely to the: presence of; oxygen atoms. Franck 
“atranged gases in the following order of :increasing electron affinity: helium, 
‘tegen nitrogen, hydrogen, oxygen, nitric: oxide, chlorine. . If this. series. is 
ed as-affording a relative idea of the proportion of electrons and ions — 
which ‘results: from. ionisation it seems probable that in order. to supply an 
| "appreciable. number of ions the molecules of a. gas must contain: oxygen, 
chiorine; or (by atialogy):other electro-negative atoms, ¢g. bromine or. iodine. 
theory is given to account for the effect of:a trace of. 
--the amber of free electrons in hydrogen or an inert'gas. |») 
nature of the gas ion is discussed, . Considerations indicate that 
“the notion of the ion as a cluster is unnecessary. «Also it is difficult to. reconcile 
the! fact that electrons are here’ shown to pass anencumbered through: gases 
considerable pressures with the cluster theory. Fortier evidence in 
| davotin of the single molecule theory. is.quoted. . 
Regarding 'the'ion as consisting of a single charged the 
mobility of positive and negative ions must be ascribed. to a difference in 
attractive forces. between-each kind .of ion and the uncharged. molecules. 
-seems logical to.extend the conception of Franck and Hertz, of electrons” 
“possessing different degrees. of elasticity when in collision with molecules of 
‘different \gases, so: as to ‘apply to. the 
(Phys. Rev.:9.-pp. 97-112, Feb,,.1917.)—The author argues that Aston’s experi- 
_ ments [Abs. 228,487 (1918)] indicating that there is no p.d. between a kathode 
atid the conducting,.gas. adjacent to were. not made under. normal. glow- 
current conditions,as was assumed, ... 
>” Experiments are described in which a discharge is obtained in hydrogen 
vIncthe negative glow two small transverse electrodes are, placed with thei: 
__ ‘planes parallel to the current through the discharge, forming, with the gas of 
the: negative: glow,.a battery, galvanometer and an external resistance, a 
circuit in which the e.m.f. (E) and current (c) are. measurable.,.. The trans- 
-wersevcurrent is. small compared with the ionising, current through the dis- 
Gharge;.so:that, as there is no appreciable p.d. between. the electrode. acting 
as anode in ‘the negative glow,and the gas, the resistance (R) between the 
transverse electrodes is assumed to be concentrated between the ‘electrode 
deathode and the gas. Then Re where sis the external 
orésistance in the circuit, The measurements were made using electrodes of 
Pt. The: walue, of: R-varies with the transverse current, and shows.a 
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from 1:8 to 105 ‘Phus'a kathode placed in: she duighty 
‘negative: glow; where-a polarisation ‘be least expected, shows ‘that 
pei gomenyg in large magnitude. It is found that with a constant polarisation — 
at the kathode, the apparent kathode resistance per cm.’ is very nearly 
proportional to the iohishiy current through the main disohstge and 
thé gas: pressuré, frotn which it is conchided that 
“the apparent kathode resistance is simply inversely proportional the density 
-O£ positive ions itt the gas round the kathode!’ This’ to 
‘calculate the apparent resistance of the tratisvérse kathodé with current defi 
equal’ to the “normal” current density‘at the’ main kathode in the discharge. 
The calculated value is the same‘as that iobtained’ by’ thé! wire-probé’ method 
the main kathode, and therefore prov: robe 
Between two fairly well separated values Of the’ ola sation p.d. ‘the 
apparent keathode resistance is, for constant ionising current, practically pro- 
ional to the current density. The deviation of the resistance curve from 
3 th straight line at the higher potentials probably aris¢s from the exttaionisa- 
‘tion ‘produced by th the electrons: per front the’ transverse kathodé, “For 


’ the’ straight Hat of the curve the author formulates ‘a ‘tentative law’ ‘that 
where Vis the polarisation p-d., A is constant, the current dens 

‘at the kathode, and the of ions ‘unit volume of 


nic “this to. anode as well as teathode, when the 
"eae is in the ‘negative glow the ‘polarisation p.d. practically vanishes, pre- 
‘suthably be ause the current is transmitted by free. electrons. Outside 
negative glow. the anode polarisation is about 20 volts, "Lacking any” fr 
“positive: eléctrons, there is no part of the glow: discharge ‘where the kafhode _ 
polarisation vanishes. Only when the current is made up of free electrons— 
and. possibly ions leaving the electrodes instead of discharging into them— 
“can we ‘assume that no polarisation exists, Such a condition obtairis approxi- 
: “mately at the kathode in the ordinary are, at both “electrodes in ‘the’ mercury — 
arc and at Welinelt kathode. Important erfors are made by ignoring the 
‘existence of a polarisation, especially at’ the kathode, by 
to bé impressed upon a conducting gas by two: fnetal” Slectrod 
author proceeds to ‘give simple rhathématical thiebriy, Witt 
“ental? of this electrode polarisation as arising from an elastic 
Tebound of the discharging ions from the electrode. “The polatisation, ee 
‘arises’ from’ the’ consequent accumulation of ‘the discharging ions at the 
“electrode ‘surface. “The theory leads to the expression or 
‘Straight portion of the resistance curves previolisly found, and th 
from this whén V is below about 10 volts’ is’ worked out ting 
“account the’ velocity of the ischarging 
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Mem. 4. pp. 1-20, 1916-1917, N. ‘Cimento, 12, pp. 241-268, Dec,,. 191 

ring away preliminary ‘difficulties and dealing with | of er error, 

‘the author demonstrates his “magneto-ionisation ” ; 7,¢. that the m m 
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"field tends so to orientate atoms ab to. réduce the 
1007. Figures. Producedson. Pholographic Plates by Electric Discharges... .U. 
Yoshida, (Kyoto, Coll, Sci., Mem.,2,.pp., 1056-116, March, 1917:)—Variops 
figures. are produced, under...different conditions ; beautiful: reproductions 
fromthe developed plates are.included. The, photographic. .effect.on the 
plate.ig due to the luminosity of. the discharge ;.and this follows the paths, of 


_eescu. (Archives des Sciences, 48. PP. 181-160, Feb., 1917.) According to 
Paschen’s law the spark-potential V is connected with the gas pressure p and 
_the distance the electrodes d by the relation V =/{fd) at, con- 
stant temperature, The law may be generalised, to take account of tem- 

| perature it then takes. the form. V = g(pa/T), where T is the absolute 
_ temperature of the gas, Divergencies from the latter formula are to be 
| “expected when.the condition of the gas is such that the law of Boyle- 
“Mariotte-Gay “Ussac, ceases to. hold, The authors have investigated the 
)$park-potential in compressed CO, for five sparking distances, viz,.0:84, 0°54, 
0°60, 1°1, and 224 mm. The max, p.d. at their disposal was 40,000 volts 
__, derived from a Wimshurst machine. In the case of the.short sparks (0°34 and 
0°64 mm.) they were able to work at pressures of about 60 atmos., but in the — 
‘ease of the longer sparks they were limited to about 18 atmos. The graphs 
V- — p.d. indicate that 'the various observations cannot be grouped on a single 
curve, except for regions where the gas pressures are small, i.¢. where the 
_perfect-gas_ equation is approximately , satisfied. If, however, V _is plotted 
against md, m being the mass of gas contained in unit volume, the observa- 
tions fall on a single curve, The authors conclude that in the form 
Ve F(md), Paschen’s law holds over a considerable range for a gas which 
| considerably from the perfect-gas law, | 


The Mode of Operation’ of Crystal’ Detectors. (Phys. 
“ Zeits. 17, pp. 615-618, Dec. 16, 1916.)—The author in first referring to Fischer 
and Baerwind’s work on the silicon detector [Abs.71 4917)], dissents from their 
_ view as to the action being of a thermoelectric nature, He also does not 
: believe i in the eatlier explanation of a point-and-plate action ‘of the contact, 
‘since it is, in any event, rather a case of een. two sy cexingyl of small 


"What the author finds of importance is, the angle. at which the. ‘current 
“ enters, with respect to the crystal axis ; in, other words, the angle at which 
the entering, electrons, come into action, with respect to the fundamental — 
electric vibgation- -plane, “He then deals with the question under the head- 


dngs: Symmetrical and. unsymmetrical crystal forms, moisture films, and 


observations ; all at too great length for brief abstraction, His observations 
PROT, for his moisture-film theory of the 
“claims to have obtained remarka ¢ results 
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(Am. Acad., Proc: 62.° pp. 578-646; Feb., 1917.)—In ‘this elaborate experi- 
mental paper are described the tests for the changes of resistance between 0° 
and 100°C, over a. pressure-range from 0 to 12,000 kg. of the following 
metals :—Indium, ‘tin, thallium, ‘cadmium, ‘lead, zinc, thagresium, 
aluminiom, silver, gold, copper, ‘nickel, ‘cobalt, iron, palladium, Platinum, 
molybdenum, tantalum, tungsten, antimony, tellurium, bismuth: Sa 
“Three of the metals are abnormal; Bi and’ Sb bottyhave'a positive ptesstite 
coefficient, and the pressure ‘coefficient ‘of Te “has an’ abnorinally large 
negative value. The other 19 metals “have minute differences in’ their 
individual behaviour, but in “broad ‘outline their behaviouts are alike. 
The pressure coefficient changes ‘very little with ‘temperature, and therefore 
also the average temperature coefficient changes very little with ‘pressure ; , 
this holds over a range of pressure great enough in many cases to compress 
the ‘metal to less than its volume at 0° abs. under atmospheric pressure. 
The instantaneous pressure ‘coefficient of all the normal’ metals, on the 
_ other hand, decreases markedly with increasing pressure. By far'the larger 
number of the normal metals show a decreased relative’ curvature in’ the | 
resistance-pressure cutve at the higher temperature. 
‘Tt is shown that none of ‘the hitherto-proposed theories a account 
satisfactorily for all these facts. "The recent attempt by Griineisen, ‘however, 
must be Fecognised as a ‘promising beginning. [See next Abs.) B. 


“NOLL. Theoretical: Considerations onthe Nature of “Metallic. Resistance, with 
Special ‘Regard to: Pressure: Effects. W. Bridgman. (Phys. Rev, 
pp. 269-289; April, 1917. Nats Acad. Sci., Proc, 8. ppv 10-12;; Jan.; 1917) 
| The author considers the most:important result of this paper is the observa- — 
tion. that the variations of resistance of a normal solid metal are prey 
eminently concerned: with one factor only, the average amplitude of vibration — 
of the atoms, irrespective-of whether the: change of. amplitude is brought 
about by a change of pressure or of temperature. . The proportional change 
of. resistance is’ approximately twice the proportional change of. amplitude, 
This suggests that a successful.theory of metallic conduction: must discard 
the old viewpoint, which explained resistance in terms of the properties of an 
assemblage of ‘electrons little affected by the: inert framework -of; atoms, and 
substitute-an explanation in terms of the properties of the.atomic framework, 
There ate several possible ways. of: giving such an: explanation, of different 
physical complexions, all of them suggesting an intimate connection between 

resistance and amplitude) The view: bere adopted )is that: apparently best 
adapted to harmonise the entire range of factse: This view jis that, the 

electrons ‘normally pass freely from atom to atom, but if..the atoms are 

separated beyond a critical distance, as by temperature agitation, gaps appear 

between the atoms which offer resistance. The resistance at ordinary tem- 

peratures is proportional to the number of gaps, and it is not: unplausible ito 
expect the change in the number of: gaps to::be twice, the*proportional 

change in the:amplitude, At higher: temperatures, however, that is large « 
volumes, as in liquid metals, the passage of electrons from atom to atom is on 
theaverage difficult, but is facilitated by a collision of unusual violence, An 
increasing amplitide:acts in opposite ways, therefore, at large and at small 
volumes. Under actual: conditions there must be a combination of these 
two effects in varying ‘proportions, In the body. of the ‘paper: is. shown. ad 
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‘the mos important feat ‘features c the 
with th the. authors view, seems to 


evaporation had not been made. films formed the 
process. have the following advantages: (1)..The, film is easily obtaine 
_ perfectly uniform, . (2), According | to the kinetic theory it must be assume 
that a metal evaporates as. molecules, not as complex groups of molecules ; 
this. assumption. is in. accordance with some of Knudsen’s measurement: 
(8) The, film is formed in a high vacuum, so that there can be no danger of 
any reaction, chemical or otherwise with gases. For. the reasons just given : 
the.authors have, investigated the resistance of thin films formed by evapora- 
tion. They. find that these films possess the additional. advantage. that their, 
. of resistance is smaller than that of films formed, by 2m 
deposition .or kathodic discharge, which .circumstance is naturally very 
fayourable to obtaining constant results. ‘The, expetiments were made with 
‘thin films of ‘Pt, W, and Ag. The Pt was Hereus’ chemically-pure Pt 


0:008906) the tungsten. and. silver. were iwery films, were 


‘formed: on the) inner -walliof a cylindrical: glass: tube: about 86.mm. wide: 


Inside, about’ half-way up the: tube, two silvéred: rings were, formed 16;mm. 


apart ;from each of the silvered rings: two Pt wires, sealed through:the glass, 
_ Ied‘to the outside. . By measuring the resistance between the two wires con; 
nected to the sameé.ring,:the contact between the latter.and thefilm could:be. 
tested, The wire which evaporated’ was: of: hair-pin:fonm, with Jegs a. few. 
mim. apart, and having its ends: connected to: two: terminals,at the upper. end. 
of the cylinder; the part of the-hair-pin which was.opposite the ringsshowed, 
a perfectly uniform: glow. the lower-end: of the glass cylinder a lamp 
was sealed jin which a tungsten spiral. was enclosed. The: whole 
thoroughly evacuated, while ati the same time the glass wall was heated and 
the ‘hair-pih- was made to glow, in order to free: both from gases as com- 
pletely ‘as’ possible. After: the tube was sealed fromthe pump,, the 
tungsten spiral was kept ata very high temperature for. some time, by. which 
the last-remnants of gas were removed and:avery high:vacuum) was 
Obtained. The hair-pin wire tinder examination was'then made to glow;at ja. 
constant temperature, Vi" being kept constant, where:'V ='p.d. between the 
ends of the:wire!and i= current, The thickness of the films-was ‘calculated 
from the-mass of metal deposited per:cm/? ofthe glass wall, assuming that 
the ordinary value of thé density can be used. ‘For Pt:and W the velocity of 
evaporation is‘known'as a’ function of the temperature ; inthe caseof Ag the 
total quantity evaporated was determined directly by.weighing.:: In making 
‘the’ resistance measurements the wire was heated:at constant temperature 
during a given time, ' the resistance of the film was then. measured, the wire 
was heated again for'a.given time, and the resistance-of the film which. had 
now increased ‘in’ thickness measured. Proceeding: in: this manner 
possible: chiatiges the resistarice! of the time are: 
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secing:that the ‘thickness of the film:is made. greater by evaporation, as soon. 
as. the -resistance, measurement is. finished, and -that: the: change: of; the, 
resistance in the course ‘of an experiment was: inappreciable; ‘The measure~_ 
ments were made atia temperature of 22°C, . The conduction of. the. Pt film. 
begins:to be measurable at a: thickness of 1°645 a black. deposit is then: 
already: clearly visible on the: glass: wall.; the rapid ‘increase. of: resistivity, 
begins at about 7 With» W a perceptible conduction’ begins to appear.at) 
the strong increase ‘of resistivity begins :at about py: Por Ag the 

‘thicknesses: were ip and-25 pp. Coniparing the results. 
obtained by. the'authors: with Pogany’s:‘measurements on Pt and. Agi films,. 


by kathodic discharge, a tolerable agreement exists as -regards. the 


thickness at which the layers first begin to conduct. Assuming, as the authors. 
do—at least for Pt~that conduction:in: a film formed by kathodic’ discharge 
first begins when a sufficient numberof molecules have been deposited: fora. 
continudus layer to be formedon the wall, the agreement in.question would, 
show, that with kathodic discharge, ‘films consisting’ of molecules-and: not of 
complexés may also be formed: If we assume the dimensions: of metallic, 


moléciles to be of. the same order of-magnitude as the-value given for 


gaseous molecules, ie. about 5 x 10-* ‘the results :showthat for con- 

duction’ a film needed two: or three molecules thick with'Pt;one molecule: 
with 'W; and twelve molecules with Ag For comparatively thick films ‘the: 
resistance-change on ‘heating is not very great, and after: some. time: the! 
resistance teaches a constant value:; it was thus possible for’ Pt films of about: 
126. yp to obtain definite results for the temperature coefficient of resistance; _ 
for two different specimens: within thé’ temperature-range 22° to MOC, 
values of 000276 and. 0:00244 respectively were found. «The Pt wire from: 
which the films were formed by: evaporation had a temperature coefficient of. 
0008905. For very thin films .at‘room’ temperature the resistance-change: 
with time was very small ; when these very’thin films were heated to 180°C. 


the resistance incredsed:tapidily and ultimately bécame infinite, but the black: 


appearanice of the:film didnot change. If the heating is| stopped before the 
résistance has bécome infinite, the résistance after cooling is ‘higher and: 

ntly’Ohm's ‘law is: not satisfied... The authors: ‘also: »observed: the. 
gave on repeated measurement a ‘constant value! for the resistance of: 
8°72 x:10' ohms; after the admission of air the resistance assumed a Constant. 
value of 8°15 x 10‘ ohms. “This observation “perhaps indicates: that’ -the. 
presence of air ‘or, possibly, of Bile change of. 


when’ connected 46 10 ‘cells Series ; but for 
thinner ‘sheets, particularly for ‘those thinner than 0-008 mm., the e.m.f; 
applied miist be ‘considerably reduced. ‘Some of these very: thin: ‘sheets, 
when submitted to a minute examination, after having been found: to be 
conducting for a ‘p.d. or less than ‘va, found. to 
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Electrical Air and Mica. Branly. , (Comptes 
1 948-048, Dec. 26, 1916. Rev. Gen. d’El. 1 288-285 a 
Rendus, 168. -pp. . 26, 1916. Rev. Gen. d’El. 1, pp, 288-285, 
3 Feb. 34, 1917.)—-While, studying the mode of action of wireless detectors th 
author has investigated the resistance of small piles consisting of a number ee 
; of thin plates of very transparent white’ mica,’ A thickness’of mita greater a 
3 arises whether these holes existed before the ‘of the current and va 
| whe 
“ 
4 


raptaire of the ‘The author had already the 

of little cells of air, 4, 8, 2,'and 1 mm. in diam., enclosed between two metallic 
discs separated by laminz of perforated mica, and he had shown that the = 
imprisoned gaseous ‘layers were susceptible of becoming progressively and) 
.. freély conducting, As a result of these experiments he decided to diminish 
diam, of! the air ‘cells‘down to’a small fraction of a mm. in order'to see. 
whether a reduction in the diam. and thickness of the air cell did not tend 
-.. to favour electrical conductivity by diminishing the extent of the excursions 
of the molecules. For this purpose holes of 0°5,0°8,and-02 mm. diam. were 
_ pierced in mica plates, the thickness of which was usually less than 0-004 mim. 
- ‘Since, for the same thickness and under the same applied e.m-f., the lamine.- 
pierced with small holes became conducting much more easily than the = ™ 
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unpierced laminz, it was, perhaps, natural to suppose that, in the case of: 


eentinuous sheets, the currents were transmitted only through small holes) 
{@eeupied by gas. In any case, whatever may be the ultimate explanation, the 
- author describes very fully in this paper ‘his exact mode of procedure. The =~ 
-Greuit consisted of (1) a source of ¢.m-f., (2) two metallic discs between 
(which the thin plate of mica, pierced or unpierced,-was placed, and (8)a 
suitable galvanometer. All the discs referred to in (2) were held betweemthe 
piston and the platform of a special pump under a perfectly definite and: 
| _ readily reproducible pressure. The discs employed were those used it 1916, : 
»-—-—- but for convenience in cutting, polishing, etc., the diams. have been reduced _ 
018,16, 12, and 10 mm. The following are typical observations :—I. Discs of 
and Ag separated by.a. mica plate, pierced with a central hole 02mm.in 
_. diameter ; applied e.m.f., 1 volt ; at the end of 1 hour from the time’of closing 
_ the circuit there was a large galvanometer deflection, the Ag plate being 
; “connected to the positive pole of the cell ; when the current was.reversed the _ a 
.. deflection was zero ; on re-applying the: in the original sense the larger 
_..» deflection was again obtained ; these alternations could be produced success- 
-“-- Gvely- after periods of -rest ; the large deflection is sometimes reached rapidly) 
-.. and at-other times progressively in jerks. In several cases the deflections == 
not obtained until the.e.m.f, had been applied for 10.0r24 hours; in 
analogous cases the difference was not so absolute as in the above ; 
frequently also there was no'difference ; for some conditions which appeared: i. 
differ little, if at all, from the preceding there was no deflection in either 
direction ;. wherever there was a deviation the sensibility to shock and to 
a distant spark was always observed, Discs of Pt separated byamica 
pierced centrally with 6 small holes diameter; applied 
@um-f..0°04 volt: when the e.m.f. had been applied for 14 haurs.a conductivity, 
which was almost perfect [compléte] was established, and this persisted, 
even when the e.m.f. was reduced to 0-004 volt, almost as strong asif the 
mica were suppressed, With the same discs and a different sheet of mica, 
“pierced like the other, conductivity was established without shock. Ww. 


1014. —E lectric Properties Of. Rare. Metals. Cc Benedicks. 


Metaligraphie, 1. pp. 225-238, 1915 }—Most of. the metals examined. 

being specimens of small weight (about 10 gm.), presented. to: Upsala Uni-. 

versity, the 046 gm..of germanium. by its: discoverer, Clemens Winkler, 
analyses could not be made, and a method, to, be described elsewhere, was oa 

developed after Gallander, for deducing the resistance from measurements 
eS .. of potential and current between point electrodes touching a piece of - the 

metal, ¢g. 17 mm, in thickness. Cerium (big lump. of 67 gm.) gave a, 
© specific resistance of 78 (value-probably too high, owing to fissures inthe 
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-the metal containing. bubbles) ;. uranium, 62 (too high, owing ito 


carbide); uranium. certainly conducts: better than bismuth. The resistance 
_of germanium (Ge) was found to lie between that of Siand,of Sa. The — 
highest thermoelectric force ‘so far observed. is that of Si, -—680 micto- 


volts against copper (E. Baerwind, Dissertation, Berlin, 1914)... Si gives some- 
times a positive a, however, which Baerwind ascribed to presence of oxides, 


whilst the author and, O. Tenow find that rapid cooling leads to a negative a, 


and slow cooling to a positive a, there being probably. allotropic: modifica- 
_tions of Si... Grey tin, obtained by very slow cooling of white tin, was 


megative, Germanium gave the highest force next to Si, a= —-880 + 40; 


thermoelectrically strongly positive to copper, white tin being ,weakly 


this Ge was. rapidly cooled. To test. the rectifying power of Ge, the 


men was embedded in Wood's alloy and then pressed against a plate or 
} pag of Pt or Cui in a 2-volt circuit ; the current passed much more readily 
from Pt to Ge than the other way, the ratio being 14:1, and about 5:1 for 


‘Cuand Ge ; with Si Baerwind found a rectifying ratio of 28 : 1. There was i 


also rectification between a point and a plate of the same element, either 
or Si, the ratio being 4:1 for Ge and less at greater contact pressure. The 
a direction of the rectification was contrary to the rule of Tissot mia 10158 


as to Fischer and Baerwind, see Abs. 1016 (1917)). 


1015. Elecirical Conductivities of Dilute Amalgams. . B, Hine: 
Chem. Soc. J. 89. pp. 882-895, May, 1917.)}—The author describes the 


preparation of sodium, potassium, and lithium amalgams containing one — 


atom per cent. or less of the dissolved metals: Tables and curves:of con- 
ductivity are given, and the apparatus and method of measurement<are 
described in detail. The author hopes that the results. imay presently assist 


in throwing further light upon the mechanism of electric conduction and i in 
: leading to a more Perens. poner. of what i is meant by a free electron. 
G, W. DE 


Silicon and’ its Position in Thermoelectric Series. tt. ¥. 


‘da E. Baerwind. (Zeits. Anorg. Chem. 97. 1. pp. 56-78, Sept. 12, 1916).—_ 
In 1918 the authors and R. Lepsius [Abs. 1841 (1918)] observed that samples | 


of silicon from different sources differed thermoelectrically, some being very 
strongly positive, others negative ; the difference seemed to be due to the 


presence of oxide (or more oxide) inthe negative variety. Attempts to 


confirm this explanation by analysis did not lead to any conclusive result. 


Though compact Si may be heated to 1100° without increasing in weight (it 


becomes iridescent, however), the finely-divided Si oxidises distinctly at 


210°, and when the silicon was ground in an agate (or a silicon) mortar for 


dissolution in caustic potash, there was appreciable oxidation, probably 


because the grinding was constantly exposing fresh hot. surfaces of Sito the 


oxygen. The Si was, therefore, dissolved in metals. Crystallised from Al, 
in which it is readily. soluble, the Si. was always highly positive (+ 509. 


-microvolts per deg.) no. matter whether it had originally been positive.or 


negative ; when the metal was cooled very quickly, the Si crystals. were very 
small, and the thermoelectric determination was difficult, but the Si was. 


positive. This silicon could. hardly contain any oxide, which would have 
been reduced by the Al, but it. did contain..some Al. Crystallised 


silver, in. which it is less soluble,. -and.from..tin,;in which it is still less 
soluble, the Si.was always negative ; these. metals would not reduce any 


silicon oxide present, and: 
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s fallen. The whole subject, he thinks, needs revision. 


2 ‘Parnell. (Phys. Soc., Proc. 29. Pp. 269-268 ; Disc., 


vezactly: be determined. The presence’ of iron, the common: impurity of ‘Si, 
 odiminished the thermoelectric force in both varieties, without affecting the 
- sign, The density of the two' varieties was the same, 288,' The varieties 


“might represent 'two modifications; as they also differ ‘im:rectifying: power 
{Abs, 71 (1017)); ‘but neither ‘heating up to 1200°'' nor’ rapid. ‘cooling 


changed the sign the thermoelectric force. On the other hand, 
“Si turned positive when heated in a vacuum ‘electric furnace. ‘The authors 
conclude that it'seems after all most likely that pure Si; free of oxygen,is 


1017, Thermoelectric Effect i in Couples.” “M. La ‘Rosa. 
O. Cimento, 12. pp. 284-801, Dec, 1916,)—Carbon behaves like a metal 
“(number of electrons not affected by temperature) rather than as a so-called 


_-yariable element, there being a neutral point; and the specific heat of 


electricity follows the law of to the absolute temperature. 


‘And there are no phenomena of hysteresis, The author's results differ con- 


‘siderably from those of Buchanan, and from those of Dewar and Fleming ; 
but he considers he has detected and avoided pitfalls into which they rig) 


“1018. of Temperature Electro-capillary ‘Phenometia. L. 
(Comptes Rendus,' 164." pp. 808-811, May 21, . 1917)—The 


author applies the second law of: thermodynamics ‘to:electro-capillary pheno- 


ring ‘Inductances. 

June, 1917 3 
ibes a hoki of avoiding the double adjustment’ necessary in th 

xwell inductance bridge by the use of a current detector whose dtestkee 


"1019. “Allernating srrent Bridge Method of comp 


: spent on the component of the current in quadrature with the emf. 


‘Qe, ‘with circuit the balance depends chiefly on the inductatices’ 


“anid Q, and with’ in‘circuit’the balance depends chiefly on the’ resistances. 
“Phe'method is as follows : With ‘Rin circuit, is adjusted for ‘no deflection ; 


‘this gives”an ‘approximate ‘balance ‘for the’ inductances. “Then with Kin 


-gireuit; is adjusted for no ‘deflection ; this gives an approximate ‘balance 
“for the resistances. © The process is'repeated, and after a few balatices; Values 
that’ give balatice ‘with ‘either 'K ‘i circuit, tn 
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. when the dynamometric part has been short-circuited we find that a 


‘adjusted an unknown: balanced against:a'standard -to-one 
in‘a few thousand ina few minutes,’ As detector ‘a sensitive moving-coil 
-galvanometer’in conjunction with a a Sumpner 


Parebolic Lew “of, Defechion. 


Js WSalomonson.. (K, Akad, Amsterdam, Proc, 19.6. pp. 896-899, 


1917, Electrician, 79. pp. 901-902, Sept. 7, 1917. Abstract;)—-In current- 


or voltage-measuring instruments the deflection is either about proportional OF 


2 t the current strength, or it grows with the square of the current strength. 
In this way they constitute two different classes ‘of ‘instraments.’”’ "Phe 
0 y galvanometer ‘with a ‘moving coil or magnet belongs ‘to the first 
83 group, t the deflection in which obeys a linear law. The electro-d tlamo- 
meter is a prototype of the second class, in which a quadratic” law 
prevails. If the movable part of an itstramént ‘of ‘the first group Be — 


mechanically coupled to the: movable part of ‘an instrument of the second me : 


type the rotating axes of the two instruments ‘being ‘made'to coincide, atid = 
we send the same current through both instruments, taking care that the 
ae Eentbitients of the movable part try to move.it in an opposite diréction, “we 


_ have got a new instrument type showing a few peculiarities which are nets 


a be found in either of the constituent parts. If I be the current strength, 
the deflection, a the ‘constant of thé galvanometric’ part, the dynarhometric 
‘constant, we know that I= ag and I= = (9), from it follows for 


> parabola. Such an instrument then is ‘said” tb rit a parabolic law of 


deflection... The deflection is zero when 1=0 of when I=b%a. If ‘we 


ae regard as positive the direction of the movement of the movable ‘system — 


Any current between I = 0 and I = b%a gives a positive deflection ; currents — 
larger than I = cause negative deflections, For very small currents" we 
- have a sensibility =a, which means that a current I=a gives'a deflection _ 
one division of: the scale.) ‘Near the second: position: of equilibrium a. 
increment of — a, or acurrent decrément:of. + a, augments.a positive 
decreases'a negative deflection by .one part: of .The absolute 
sensibility of the instrument is the:same: either in: the: first or-in the second 
gero position, The relative sensibility, ic. the ratio of the current; increment 
Causing’ an increase of one part) of the scale into the cureent: strength, 
: ‘to 0 in the first zero position ; ‘in the second: zero position :it 
which will generally: be a very large figure... Instead: of, 

_ this-way we ‘preferably. calculate the relative sensibility for. the current 
eansing the dargest deflection at which the. linear Jaw «still: holds good, 
Expressed:in this -way the relative sensibility will: generally -be of the order 
200:to 600. But in the second zero-position we'can easily. Obtain a telative 
‘gensibility of 100,000:or more: Even with a moderate ratio between:a 
'we'obtain very high figures for the sensibility near the second zero: position, 
We can only use very small parts of >the -parabola/ im:most:.cases. Injinstrur 
ments of this:kind the’ thing! aimed at,.is a: high: relative: sensibility neat the 
second zero’ position; for example; take an. instrument giving ia-fullseale 
Geflection at -10 milliamps.,; andwhich, has its .second position--at say 


‘s positive deflection occurs when I = 6*/2a, the deflection being ¢ = b*/4a 


“in this case'a*change in: % would 
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‘Cause ‘The author has used the instrument to 
indicate the degree of constancy of a'potentiometer current. can. easily 
give such an instrument any relative:or absolute sensibility, With a shunt to 
the galvanometer part we diminish the relative sensibility; with.a shunt 
| to the dynamometer part we increase it. A shunt to the complete instru- 
ment increases the current strength for the second zero position. Theauthor 
discusses the objection to using the instrument as a standard or normal 
instrument. He also shows how such an instrument can be used for detecting - 
OF even measuring small in the horleohtal 

magnetic field. 


1021. Comparison of ‘Different Types of 
Leaming, H. Schlundt, and J. Underwood. (Am. Electrochem. Soc., 
Trans. 80. pp, 865-878, 1916. Mech, Eng. 89. pp, 449-452, June 22, 1917,)— 
Electroscopes are generally standardised by introducing known quantities of 
emanation which may conveniently be obtained from weighed samples of 
pitchblende, or from suitable volumes of a standard radium solution. Since 
the emanation is. distributed throughout the space of the ionisation chamber, 
some of the a-particles will not have their max. range in air, and consequently 
__ the ionisation current measured will not represent the max. ionisation which 

the radiations are capable of producing. It is therefore evident that the 
- jonisation currents due to equal quantities of emanation in different types of — 
ionisation chambers will have somewhat different values. Duane and 
Laborde [Abs, 926 (1910)] have deduced an empirical formula for the — 
ionisation currents in ionisation chambers of different volume (v) and surface 
area (s), namely ; l=K(1—Cs/v), where K and Careconstants. The numerical — 
value of K depends on the quantity of emanation that is made the reference : 
‘unit. The constant C fraction—the “reduction factor.” | 
Three types of electroscopes, widely used for determining radium by the 
emanation method, were standardised with known quantities of emanation. 
The electrical constants of the instruments were determined and the dimen- 
sions of the ionisation chambers taken. From the combined data the authors 
have computed the ionisation current per curie of emanation at the time of 
max. activity. | A. B. 


1022, Potential of an Coil at “Make.” E. Jones. 
(Phil. Mag. 88. pp. 822-884, April, 1917.)—The chief interest attaching-to a 
calculation of the potential at the secondary terminals of an induction coil 
at “make” lies in the means which the result may suggest for the reduction 
of this quantity. In several of the processes in which induction-coil dis- 
charges are used, and especially in X-ray work, it is desirable to suppress — 
the “inverse current” at make; and even if one of the usual rectifying — 
- devices is employed for the. purpose—~most of. these are said to be but im- 
perfect rectifiers—it is still important to reduce as far as possible the max. 
potential to which the secondary terminals ‘rise after contact.is made.at the — 
interrupter. In considering: the various methods by which the “make” 
potential may be reduced, the importance should be borne in mind of | 
maintaining undiminished the potential at. break. » Assuming the = 
circuit to ‘be open; the author deduces. an expression for ‘the make” | 
potential V, in terms of the-various coefficients of the two circuits. If E.is 


the battery e.mf. in the primary, Ly the coefficient. of induction of the Se 3 


| coil on the secondary, Li, that of the secondary on the primary, and | 
tam then: Vy = (ELn/Li) cos The 


wave of potential in the circuit: at. of 


we 
take ry 
¢ 
Se 
; 
i 
1 
“We 
i 
3 
z 
RS 
¥ 
> 


damped oscillation superposed upon ‘an exponentially decaying part, the ee 
initial. values. of the two parts being + Eln/Li. The greatest numerical 
value of the above expression: for Vy occurs at a time somewhat less than 
1/2n, and will.in all cases be less than 2EL/Li,:the value of the maximum 
when and are zero... The expression. 2ELn/Ly, may regarded’ as. 
giving the limiting value of the max. potential at make, to which the actual 
value would approximate. if k,and 3 were indefinitely reduced. In. actual 
cases, however, 4; atid ¢ are probably never. so small as to allow the above 

aw limit to be very clearly approached. Vs is proportional to E, but it depends ~ aa 
.. toa much smaller extent (only through % and 8)on the resistance in the’ ae 
primary circuit. These results agree with experiment, eg. a certain 18-in, 
coil, excited by a slow interrupter, gave at E = 20 volts, Ri=10 ohms, a 
“make” spark about 0-7 mim, long. With E=98 volts and the same. 
résistance in the primary the spark-length at make was 45 mm. These 
Sparks represented potentials of about 8500 and 16,000 volts respectively. 
‘When the primary resistance was increased to 50 ohms the spark-length at 
‘make (E =98 volts) only fell to 87 mm. Thus the potential at make in- 
‘ereases rapidly with the battery e.m.f., but only varies slightly with the 

| primary current. On the other hand, the p.d. at break depends greatly upon _ 

_ ‘the primary current, being proportional to the value of this current at the 
tmoment of interruption. Consequently it is desirable to employ the smallest. 
battery that is sufficient to produce the required potential at break. Fre- a 
quently the conditions of supply do not permit of a variation in E. V3 may. 
also be reduced by diminishing Ls; this can be effected without causing any —_— 

alteration in L; by: withdrawing the primary and the core axially from their -__ 
symmetrical position in the secondary, On one occasion, for example, the 
18-in. coil with the primary in. the position of max.. mutual inductance — 

= a make-spark 4°4 mm. long [E = 98 volts, R: = 12 ohms]; when the 

& was drawn out 80 cm. from this position the spark-length at make 
-was only 15mm. It might be thought that the displacement of the primary 

_ coil would, owing to the decrease of mutual inductance which it entails, — 
cause a diminution of the secondary spark-length at break, but this is not — 
necessarily the case, By, drawing out the primary the system may be 
brought into one of the adjustments which are most favourable to the — 
‘conversion of magnetic energy of the primary current into electrostatic — 
energy in the secondary circuit. V; also varies inversely Thus the 
addition of an air-core coil of 0°07 henry to the primary circuit of the 
-18-in. coil, the total resistance of the primary circuit [10 ohms] being kept 
constant, reduced the “ make” ‘spark from 4°5 mm, to 27 mm: The effect 
‘is even’ more marked when the four layers of the primary coil are connected _ 
in parallel, L; being now much smaller to begin with. The insertion of the 

_. ‘air-core coil now reduces the spark-length at make from 18*1'to 10 mim, 

_ “The series inductance also increases the secondary potential at the — 
interruption of a given primary current, and increases the spark-length of the _ 
coil fora given mean primary current. The author also discusses in detail 

- ‘another way in which the primary self-inductance can be changed, namely by — 
connecting the layers of the primary coil in series or in parallel or in other — 
‘ways, The nature, and tosome extent the magnitude, of the effects produced — 
in the different cases are illustrated by the data given scalney — The — 


1088. Rectifier with Soldered Contact, C..Bergholm.. (Ann.d. Physik, 
62. 1, pp. 101-104, Feb. 15, 1917 a of 
VOL. 
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cused in conjunction with a: Pt-wire’in ‘such a:manner that the Pt ‘point is 
‘located, by search, just over a sensitive spot and is there soldered ‘(with 
the aid of kathode-sputtered gold: if-necessary), “As a detector of weak 
. alternating: currents: of. low frequency such a “ couple” will respond to the 
‘current given out by a telephone receiver: (150 ohms resistance) held at 


. distance from a.tuning-fork. “With a galvanometer 


> 1024, Apparatus for Measurement of Electric. Resistance al High a 


Pp. Saldau. (Iron and Steel Inst., Carnegie. Schol. Mem. 7. pp. 195-281, 
1916. }—In the special apparatus designed. by the author, measurements were 


made on Kahlbaum pure iron, electrolytic iron, and a series of pure steels 
containing 0-11 to 1°54.% carbon, in an atmosphere of coal gas, Tempera. 


ture-conductivity graphs show that the yariation in resistance follows a 
parabolic curve up to 700°C. and that. at any particular temperature the 
_ fesistance is always greater on heating than on cooling, but as the ordinary 

temperature is approached the differences diminish.in magnitude. There 
are sharply defined discontinuities in the. curvesat the critical points and the 
GOS E line of the iron-carbon equilibrium diagram has. been re-determined 


this method. There. are indications that the point.Ar8 in pure iron is 
_-higher than 910° C., the temperature which is now generally adopted for 


. A slight discontinuity in the. curve also occurs at 980° C.; this is, however, 
mot regarded asa. transformation, but. rather as the limit at which the growth - 
of the crystallites of. the solid solution increases, more rapidly than. the 
temperature. It is highly probable that the change is unaccompanied. by 
amy thermal effect. _Benedicks’ formula p= 7°6 + 26°822C is shown tobe 
not. strictly correct. Eutectoid steel has a considerably. mee resistance _ 


"ALTERNATING CURRENTS AND “MAGNETISM. 


1025. Initial Magnetisation as a Function of Temperature: P, Weiss 
; 3. de Freudenreich.. (Archives des Sciences; 42. pp. 5-18, July, and pp. 440- 
~ 410, Dec., 1916.)—In continuation of previous work [see Abs, 1766 (1915)],.a 
fing of Fe,Co was prepared from pure constituents and examined in a con- 
stant field with. varying temperature. -The temperature-magnetisation curve 
exhibits several maxima between 445° and: 1025° C: ; at the latter: temperature 
the magnetisation disappears. Observations were also taken of the magnetisa- 
tion in increasing fields at constant temperature: Taking the relation between 


susceptibility and field as K=a-+ 6H, the coefficients:a and had been 


found by Radanovic and Renger to be functions of the temperature: Also.an 
gquation. connecting heen stated. In the case of:ferro-cobalt, 
whose properties differ: totally. from. those of the:other substances examined, 
there is no definite relation between the coefficients @:and:6:; in‘ general, both 
and d-increase with temperature: The -substance nickel: was re-éxamined, 
thé previous results in great measure ‘confirmed.:’ Finally, an attempt 
made to explain the irreversible portion 
assuming that in a body of confused crystalline structure the elementa 
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Murakami,’ Univ, Seis Reports: 6. pp ‘98-29, une, 1917.) 
‘Previous results of magnetic analysis have led the authors to concladé that 
:the’ critical temperature: of:iron cementite’ is ‘210° and that of :the doable 


‘catbide of iron: and tungsten 400°C. In the present’ paper'the’authoré'have 


determined these ‘critical ‘temperatures directly, using’ carbides: separated 
‘electrolytically from carbon and tungsten steels as described by Arnold and 
‘Read [Abs, 604 (1915)}. iron cementite obtained ‘was'a powder, 
and had the composition C, 608%} Fe, 985 The double‘carbide was'a 
black powder containing'C, 8:10 Fe, 81°71 % 68°70'%. ‘To inivesti- 


gate, the netic properties, the powders were compressed in cylindrical i — 
‘tubes, and the ‘Specific magnetisation referred. to unit mass wastakenasthe 


| characteristic property of the substance, “The curves given i in the papershow _ 
_that the. specific magnetisation of iron cementite i increases nearly proportional vA 
to the magnetising field up to 500 gauss, and the value in this field is 197, or 
- about 1/10th of ‘that of pure iron. The curve of magnetisation for the double _ 
carbide. bends slightly down as the field'increases, and attains a value 165in — 
a field of. 600 gauss. The linear relation is not a characteristic of cementite, 
-feduced iron and cobalt, when 
a similar relation... 
Magnetisation-temperature curves are given in the paper. ‘The ctitical 
of cementite is: 215°C., and of the double carbide 400°C... The 


“effect of. heat on’ the decomposition of the icarbides ‘is-also studied. ‘The 


material. was heated. in. vacuo to’various high temperatures, 400°;500°, 600°, 
etc., and the magnetisation-temperature curves taken during heating and 
cooling. If decomposition takes’ place at high temperatures’ an abrupt 
_ @hange of magnetisation will be observed. It appears that cementite, in 

dts free state, is almost’ wholly decomposed into its 
and the double carbide at 850°C. 


“1027. Changes in Young's Modulus of Nickel with Magnetic Fields. Ww. 
Stow: (Roy. Dublin Soc., Proc. 15. pp. 185-192, April, 1917.)—Measure- 
ments of the modulus of nickel wires have been made with longitudinal and 
; srse magnetic fields, both direct and alternating. It was found that 
‘80 c.g.s. units was the highest field that could be safely applied without special 
cooling arrangements, and accordingly this was the max. field value used. 
In longitudinal | fields the modulus at first decreases with i increasing strength 
‘of field; passing through a minimum at about 28 ¢.g-s. units, The changes 
are smaller in alternating than in direct fields, In transverse fields the modulus 
‘at. first increases with increasing ‘strength of field, and passes through a 
‘Maximum at about 40 ¢.g.s. units in both direct and alternating fields, The 


are greater in direct than in alternating fields. Honda and Terada 


| previously shown (Abs. 477 (1907)] with longitudinal magnetic fields that 
yhén the constant load is increased the field in which the minimum value of 
€ modulus occurs is increased, but the actual’ value of the modulus is 
i nished. The.author's results s ow that with transverse fields the reverse. 


e Case; i,¢. when ‘the , constant load | is. increased the, field in which the 


max. value of the modulus occurs is decreased, and the actual value of the os 


in that field is increased, Further, experiments. show, that 
fhe. f frequency of the a ‘ing field ‘Variations in. 
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salloys Mn-Sb have been. studied R.S. Williams Abs: 171249079], anit their 

_ magnetic properties have been previously investigated by K. Honda [Abs. 1885 

_ {1910)]. In the research cited Honda employed small specimens and Only 
_ weak magnetising fields. In the present paper larger specimens have been 
subjected to magnetising fields up to 500 gauss. In addition, the intensity of 

- magnetisation has been measured in a field of about 5000 gauss to obtain the 

saturation value. The alloys investigated contained 2, 5, 10, 20, 28, 81-4, 40-7 
47-8, 55, 60, and of Mn respectively, and the results are 

in a series of I-H and I-temperature curves. is 

to’ the structure: of these alloys is— 


0-814 % Sb + saturated solid solution with 
4-40°7 % Mn Unsaturated solid solution of ‘Mn,Sby + 
407-478 % Mn ....,.... MnySby + Mn,Sb. 

% Mn ..... Unsaturated solid solution of Mn,Sb +Mn. 
605-100 Saturated solid solution of 50°5 % Mn+ Ma. 


‘The intensity of KOO at first increases rapidly with the percentage 
of Mn, a maximum being reached at 81:4 %. It then decreases through the 
alloy corresponding to the composition Mn;Sb; to the alloy Mn,Sb, where the 
-magnetisation reaches a minimum. It then begins to increase, and reaches a 
maximum at about 60 % of Mn; from this point the magnetisation gradually 


_ decreases to zero as the content of Mn increases. These results agree with 


those. of the former: investigation. ‘Saturation is apparently not attained in a 
field of 5000 gauss in the case of the 2,5, 40-7, 47°8, and 60 % alloys. The 
“magnetisation-temperature curves show that the critical temperature for. 
alloys with a content less than 40°7 % Mn is 815°C., and for the remaining 

alloys 275°C. The critical temperature of MnsSb, is 816°C. and of Mn;Sb is — 
216°C... When the Mn content is % or greater, the magnetisation tem- 
perature curve descends slowly at first and then rapidly as the critical tem- 

_ perature is approached. If. the content is 81:4 % Mn or less the curve rises 
at first to a maximum and then descends to the critical temperature, The 

authors account for this from the point of view of the constitution of thealloy 
and the known behaviour of a ferromagnetic substance under a strong field 
as the temperature increases. For all alloys the effect of temperature on | 
magnetisation is almost reversible for heating and cooling, 


The susceptibility of the alloys above the critical temperature was also _ oe 


‘measured, and the results are represented graphically. Changes in structure. 
‘are indicated by abrupt variations in the susceptibility, and the results are 
such as to be expected from Williams’ equilibrium diagram for these alloys. 
.. The magnetic observation at high temperatures may serve for detecting the 
condition of equilibrium of a system of alloys, just as the cooling curye does. 
‘The magnetic method is not so simple as the thermal one, but it. locates. 


exactly a transformation and its. the. thermal. 
L. 


by time-lag. 


69-70, July 1917, Abstract of paper read before the Optical Soc.)— 
‘Discusses the errors to which an aeroplane compass is liable, the most 
‘troublesome being that “due to “banking” when the aeroplane is turning. 


If no side-slip occurs the resultant of the gravity force mg and of the centri- _ | 
_ fugal force mv*jr* (v being the velocity and r the radius of the turn) is at right “ss 
‘angles to the aeroplane base, and the card keeps the ‘position with respect to .<°~ 


the bowl which it had:before the turn, tie fame 
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ELECTRICITY AND\MAGNETISM. 


as that of the machine, and the card equilibrium is no longer'in the N.-S. 
direction of the magnetic meridian. : When the equilibrium. positions fora 
cotnplete turn through 860° are calculated from’ the vertical andshorizontal 
components V and H of the terrestrial magnetic field yery peculiar results: 
are obtained.. For a tilt of 28° (the complement of the magnetic dip at: 
London) the card: is in a neutral position when the course is’ magnetic E., 
because then the card:is.at right angles to the resultant magnetic field. At 
tilts greater: than 28°the error may reach 180°, i.¢. the card may point: S, 
» instead ‘of N. on an easterly course ; and 


westerly courses are not symmetrical, 


‘To- correct ‘for’ tilting’ the author» sb: fined sym. 
snietricully to the compass with their N. pointing downwards to a tilting:lever — 
that the magnets remain vertical to the cards when’ the aeroplane’ tilts, and! 
that their S-—N:: field ‘is equal and opposite to the V force. He further 
attaches soft-iron correctors to a ‘‘tilt-medsurer.” ‘The effective weight of a 
bodyA of ‘mass m on dn aeroplane is itself affected’ by centrifagal force 
when the aeroplane is’at a tilt’ and:is equal to mgjcos 9. If A be attached: 
to the centre of a spiral flat spring and provided with a pointer, the deflection: 
of the pointer will measure the tilt ; with the aid of this spring the correcting _ 
masses of soft‘iron can be approached to the compass: as the tilt increases, 
In this way the error due to banking can be reduced ‘to. a great extent, and — 
‘thetr ‘on the’ of the 

Cimento, 12, pp: 1772198, Oct., 1916.)—The ‘author gives’ a résumé of the: 

_ theories proposed to explain the apparent change of resistance in conductors 
placed ‘in a magnetic field. “This is followed by a mathematical investigation’ | 
carried out fo see whethér Drude’s electronic theory accounts for the experi- 
mental results, ‘or if it is necéssary to introduce the hypothesis that an‘altera-’ 
‘in the ‘vonductor’ tinder 'the action of 


the the hypothesis gives complet explana- 

tion ofthe phenomenon, 


Chim. Ital.’ Gazzetta, 46, iv Pp. 225~280,-1916.)—Observations on the com-' 
pounds of the magnetic’elements show that the paramagnetism is greatest for: 
those salts which have the lowest values for the ratio between the saturated’ 
valencies and the: calculated according to the limitiag’ 


types of the groups to which the metals belong.’ This relation becomes’ still’ , 


mote exact when account is taken’ of thé greater or less facility with which’ 
1032. Ferrous Content Magnetic ‘Susceptibility ‘Artif cial 
and Natural Oxides of Iron. R: B. Sosman and J. C. Hostetter. (Am, 
Inst. Mining Eng, Bull, No. 126. pp.'907-981, June, 1917. )—A description’ 
experiments made on’ a large number of specimens to find the ‘relation’ 
between the ferrous iron tage’ of ‘an iron oxide and its magnetic” 
properties, the’ oxide ‘being inthe form’ of a powder. The measurements | 
were made by weighing the force exerted on a known weight of the substance: 
by a non-uniform magnetic field, The ferrous iron in the pata was deter- 
VOL. 
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mined by: a titration metliod, except when. the: order: of: 
0°1.%, when an electrical method was.employed.:: The effect of the shape: of: 
the: particles .on' the magnetic resplis. was. neutralised as far as ‘possible: by: 
powdering :the: samples to the samé. degree of fineness, and samples of; 
magnetite -and “were ‘employed as: magnetic: 
standards, . observations.on the latter bodies: show that dilution of the! 
magnetite diminishes the induction by:an amount which.is greater, the! 
the dilution. An effect which had. to. be guarded against was the: : 
oxidation of the magnetite as a result of prolonged powdering in the mortar,.: 
_ In general, in artificial oxides, the magnetic susceptibility is propottional’ 
‘tothe ferrous iron content; the so-called: magnetic ferric oxide is, however, a 
striking exception Further, when the percentageof FeO: is: 
‘below ‘about 02. the. results::become irregular: : fhe colours of: the 
powdered oxides are stated in’ terms: of- Ridgeway’s standards:..The natural) 
iron-oxide minerals are similar tothe artificial in being; in many cases, solid: 


solutions of in’ FeyOs;'others are mixtures:of and ‘Wheni 


1083,. Magnetic « Activity” and Hourly. 
Magn. 22... pp..57-88, June, 1917.)—A rough. measure of the magnetic activity: 
of any day: is at present obtained by taking the mean .of, the “character” 
figures (0,'1 or 2) assigned to that day at stations scattered over the globe, 


__ While the figure thus arrived at gives a good indication as to whether a day 


was quieter much disturbed, it cannot be regarded being a satisfactory 
quantitative measure, .., Bidlingmaier hag suggested.a method of distinguishing. 
between days by, securing an.estimate.of the energy which goes to. produce: 

all the magnetic changes of the day, regular: and irregular. To, make.an, 
accurate determination of this energy.requires measurements of the magnetic. 


curves at,short intervals .of time 6-minute intervals proyed almost.too long, 


and the work involved. in carrying out such a scheme regularly thus becomes, 
_ prohibitive. To overcome this drawback Bidlingmaier suggested certain. 
empirical rules by means of. which the energy would, be determined from 
’ hourly readings of the magnetic elements, together with , the range of move- 
ment in each hour. A large part of the present paper is devoted to testing 
the validity, of these rules, making, use‘of quick-run data from. observatories 
in different parts of the world, The conclusion reached is not. very: fayour- 
able to Bidlingmaier’s.method.. It:is suggested that,the deduction, of the. 
daily activity. at .one. ‘step by assuming it proportional.ta the. square of. 
the absolute daily range, is an alternative worth considering., The.results for 
individual days at individual stations might not be of great accuracy, but.a. 
ermination of world activity from the mean of 80 or 40. stations, would, 
_ prebably be quite. satisfactory. ‘The Jabour involyed would be of the nature, 
- Of 1/50th of that involved in Bidlingmaier’s method, and would he. well. 
within the of the great of observatories. J. s. D1. 


ivily of the Earth's “DL. Hazard, Magn, 
alt pp- 84 86, June, 1017.)—An inquiry, into the accuracy of Bidlingmaier’s. 
empirical rules [see preceding Abs.], as applied to, the records. of the 
Cheltenham Magnetic Observatory during 1915. It is found that. satisfactory. 
obtained . by the of. a. of Same. type as... 
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1086. The Characteristic of X-ray Tubes. Wella] Mortara. 
(N. Ci 12. pp- 188-148, Sept., 1916.)—The curve for-vari p.d.'s 
type: Vie With a given hardness 4 and 
cOnstarit : “With of ‘hardnéss a has a higher: value. varynig the 
hardnéss inone and the same tube, a varies’ but 5 does not. In'different 


tubes the valae of} differs ‘slightly. 


"1036. of the Practical Constants of the 


ng... results show that it is ‘erroneous to assume that ‘the 
the radiation emitted always increases with the current which passes 
through the tube ; (6). that, with a constant’ ‘potential on the tube, the degree 
of, penetration of the rays is independent of the current through the tube ; 
(c) that, with a constant current flowing. through the incandescent filament, : 
the intensity of the radiation emitted is sensibly independent of the voltage — 
on, the tube, and (d) that, with constant potential on the tube, the output — 
| of the. tube passes through a maximum. as the current through the ‘tube 
The final conclusions: arrived at are the following ‘The 
ge is very stable, ‘For a given ‘voltage ‘and milli iampereage, 
maintains its, original as to total emission: and 


tt may | be changed from “ hard” to“ sott;” or vice versa without any trouble. bi 
(8) The output of the. tube i is similar fo that of other focus tubes for Soft rays, ‘ 
but it becomes superior to them. when the applied voltage is high. (4) The’ 
| radiation, emitted by a Coolidge. tube can be about 20 times as intense as ‘that 
from an ordinary tube, . and rays of a. penetration of 10° Benoist ‘can be 
produced. of the same Tays of a ‘penetration Benoist from an 


‘Liévre. (Comptes Rendus; 164. pp. 888-834, 
May 21, 1917.)—The apparatus described enables'a direct stereoscopic view. 
of images projected upon the screen to be obtained. The surgeon sees the 
projectiles in their'real plane; knows the*relationship between them and the 
bones, ‘ahd appreciates. the ‘distance which separates ‘the‘instruments. from 
the foreign body. ‘Either two’ ordinary tubes or-a single one ‘with double 
atitikathode may be employed.’ The two antikathodes fanctioning alternately 
by'means of a‘rotating commutator in the secondaty circuit; project a double 
imagé on thé ‘screen. 'This' double iniage ‘is impressed upon’ the eyes by: 
allowing’ it to “pass ‘a ‘shutter formed ‘of two' dises’ rotating in’ the inverse: 
direction; the spaces’ and solid’ parts’ of ‘which. ‘correspond té'the periods of 
opening and: closing’ of the currentipon the corresponding ‘antikathode. ~ 
“The apparatus i is light, takes up little space, can’ be’ adapted to almost: any 
continuous- or ‘alternating-current installation, ‘aiid allows’ 
to be in ‘either a ‘or ‘vertical position. 


Nas. 726 sad, 1294, (1916) i in ‘regard. to an for “ta 


of high. ond, of sufficient intensity; from. for use in, 


ating currents, $s, is a 
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4089. The Conception of the wed thé 
‘F. Paneth.» (Zeits. Phys. Chem. 91. 2. pp. 171+198,. Feb. 29, 
1916.}-Modern theoretical chemistry rests upon Boyle’s definition of an 
élement as a substance which cannot further be decomposed, and: on 
Dalton’s rule that all the atoms of an element have equal weight, and that 


there are as many kinds of atoms as elements. The discovery of radio-active 


disintegration, of isotopy and of the linear system of Moseley—as distinct - 


from the periodic system—call for a revision of these definitions, Radiolo- 
gists speak of isotopes as different elements, the number of which would be 
very large ; isotopes should be regarded as varieties of one and the same 
element, An element should be defined as a substance which cannot be 
simplified by chemical means; and two substances, which Satisfy this, 
condition and which cannot be separated again after being mixed, should be 
regarded as one and the same element. Atoms are the bricks of matter which 
chemical separation can furnish, and which themselves remain intact in all 
chemical reactions. On these views the following statements are made in 


the summary :—The number of chemical elements is 92, 5 of which have not 


_ yet been discovered, The chemical and electrochemical properties, the light 
and the Réntgen-ray spectrum, and the number of nuclear charges charac- 
terise each element. Atomic weight and radio-active properties are not 
constants of the élement, There are more kinds of atoms than elements— 
120. varieties of atoms are known, the number of undiscovered atoms is 
unknown, An element may consist wholly of atoms of the same kind (pure 


element), or it may consist of atoms differing as to ‘weight or radio-activity 


or both these properties (mixed element) ; in chemical mass-action isotopic 
atoms can completely replace one another, So that in the formulz of chemistry 
and electrochemistry the ‘sum of the atoms of different varieties of that 
element is to be entered as concentration of a mixed element. The tadio- 
active disintegration of an atom leads immediately to the production of an 
atom of another element, but result in 


1040. Electron. Theory, and. w. (An. 
Chem. Soc,, J-,89. 879-882, May,.1917. Nat. Acad. Sci., Proc, 8. pp. 856- 
860, May, 1917, Chem, News, 115. pp, 48-44, July 27, 1917.}—The author 
suggests that the. apparent localisation of the affinities. in particular parts of 


atoms which seems to be indicated by many. properties of organiccompounds . 
might possibly be accounted for by..a valency. atom revolving. about the . 


- positive nucleus of one atom including jin..its orbit the nucleus of a closely 


contiguous atom. For during that portion of the orbit within the, second 


atom. the latter would, as a whole, be negative, while the first atom remained 
positive. During the remainder. of. the orbit both atoms would be electric- 
ally neutral, and might then. tend to separate.. But the mobility of an atom 
is so small compared to that of an electron, that the effect of such an orbit 
might well be to hold the atoms together. G. Ww. DE T. 


$041; “Hydrogen-H Evolution D. Harkins, 


(Am. Chem. ‘Soc., 89. pp. 856-879, May, 1917.)—The author has in previous: 
papers [see Abs. 127, 128, 881 (1916)} argued that the elements 
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of a complex atom is the change of H into He. ‘He here shows ‘that,.on his 

“the: elements fall’ into two distinct ‘series, of: even atomic. 
number; represented by ‘the general formula nHe'; and one:'of; odd!atomic: 
number, represented by. #He + Hy. Hf this 'be:so, it:is to! be expected that: 
the two series should exhibit some marked: difference; A: large amount of 
evidence adduced in support the author's contention: that such a dis-. 


tinction is found in the: greater abundance in’ which the!atomis of the even: 


series are found in nature, as compared! with atoms in the:oddiseries nearly 


adjacent to them in’ a series: arranged! in: ascending order of atomic: number. 


He claims that this should be regarded as a New Periodic Series fundamentally 
related’ ‘to the atomic ‘structure, and apparently: considers=the ‘Mendeléeff 


. Seriés as being related mainly to the group of free ‘electrons associated with - 


the stom. G. W. pe T. 


1042. von Bramiey, (Chem. News, 
1917.) —Analytical, results are giyen. which do not agree with the. supposed 
“new, element” Abs. 820 (1917)} being identical with The 

atomic weight is probably less than half that of.europium. 


1043, Development of Glass Furnaces on’ ‘the Continent. 
(Chiat, ‘News, 115. p. 154; March 80; 1917. ‘Paper read before the Soc. ‘of 
Glass Technology, March, 1917.)—For heating furnaces wood and even ‘peat’ 
are used in Scandinavia in some works, whilst natural gas ‘is used in the’ 
United States to some extent. ‘The chief ‘fuel in use, however, is coal, either: 
burried ‘direct or Converted into gas. When coal is burned direct a large’ 
excess of heat is necessary ‘to complete the combustion, and if’ this excess be 
cut down the waste gases contain a large’ proportion of carbon monoxide, 
entailing considerable loss of heat. ‘In the complete combustion of 1 kg. of coal’ 
to CO; 8000 kg. cals. are set free ; but if the coal is only burnedto CO only 2500 
_ kg. cals. are set free. The use of producer gas allows much better combustion’ 
to be obtained, so that large excess of air is unnecessary. ‘ Higher’ tempera-’ 
ture results, especially if the air and incoming gas are’ delivered hot to the — 
combustion chamber. This preheating of air and gas can ‘be done in two’ 
ways—(1) by regeneration, (2) by. recuperation. In the latest pattern ‘of 
Siemens regenerative furnace there are four fire-brick chambers, one’ pair 
being heated by the waste gases, whilst the other pair is warming the 
incoming air and gas. By reversing the direction of flow, the functions 
of the two pairs of chambers are exchanged. This regeneration method’ is’ 
very useful for large furnaces, but is expensive, and takes up much’ floor: 
space. ‘In the Hermanssen system of recuperation the air and gas always’ 
pass in the same direction, and are heated by passing ‘through flues ‘sur- 
rounded by the hot waste gases. The combustion is so perfect that at the’ 
Costa works crystal glass is made in open pots. Furnaces of this type will 
melt glass during the night for next day, so that the capacity of the furnace 
should not be judged by the number of pots, but by the amount of glass 
it ‘will melt. From this standpoint the ‘continuous 
is more efficient than the regenerative. A. 


1044. Polymorphic ‘Transformations of Solids Ww. 
Bridgman. (Am. Acad., Proc. 51. pp. 55-124, Sept., 1916.)In this paper: 
data are given sufficient for a thermodynamic specification of a number of 
polymorphic transitions between solids.” Besides the transition quantities 
themselves (change of volume, latent 
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been possible in a good imany: cases 'to:give at 
the difference of:.compressibility, 'thermaliexpansion, and specific: heat:of the, 
reacting phases. ‘The. experimental! procedure is describedin: detail.and is: 
followed! by a:theoretical disthssién of: the effect of impurities: on the transi-, 
tion ‘lines and>on' the equation. df :the transition lines..‘Then data,are: given: 
of the following: substances :— Potassium sulphocyanide; ammonium sulpho- | 
cyanide, potassittm: sulphide, potassium: chlorate; potassium ‘nitrate, 
trichloride, carbon: tetrabromide, silver’ iodide; mercuric iodide, phenol, and 
urethane. The ‘paper is first several which are to deak:with solid. 
transitions: under ‘pressure; :and:contains preliminary thermodynamic.. 
discussion | which necessary to all the work on solid. transitions: 
[Some of the-succeeding: papers-of this ‘series: with, : 
| 
So reat of Hydrogen in Solid Altys of Palladium with Gold, Silver, 

| éverts, E. Jurisch, aud “A! Metz. (Zeits: Anorg. Chém. 

15, ‘1918.)—The absorption of hydrogen’ by Au-Pa- 

‘studied by Jatisch, alloys of Pd-Ag atid: Pd-Pt laterby Metz. 
had ‘long been known that Pd did‘ not absorb hydrogen titider certain one” 
ditions, possibly connected with the purity of the hydrogen.; the author's 
hydrogen was.re-liberated from Pd by heating. The experiments were made, 


at, pressures of 6, 187, 200, 828, 760 mm. and temperatures up to 822°. The, 5 


ternary H-alloys seem to. be real solid solutions ; when Pd is regarded as. 
solvent for.H, the other. metals. influence the solubility after the. manner. 
liquid. solutions. Pure Ag, and, probably. also Au, does, not 
dissolve.H, Pt dissolves little H,.., In all.the three series of alloys the .H 
- bility..is approximately. proportional. (at a given temperature) to the nantes. 
root. of the; gas. pressure ; at constant. pressure (especially at 1 atmo,). the. 
solubility. decreases as the, temperature, rises, whilst the solubility of, H in. Pt. 
and..in.alloys with 50. % Pt increases, with rising temperature, The curves. 
of. the Au and Ag alloys differ strongly from those of the Pt alloys. In Pt-Pd. 
an increasing amount..of Pt diminishes the absorption of H_at all tempera-. 
tures ;, the less, the higher the temperature. In Ag-Pd the. addition of Ag. 
increases the H ,absorption up to, 40.9% Ag, then diminishes it; the tempera~  _ 
ture influence on this increased solubility is peculiar for the range 40 to 60 %. 
Ag; it favours the increase from 800° down to 270°, then diminishes it. In. 
Au-Pd alloys the Au influence i is similar, but less marked, and the tempera-. ? 
ture peculiarities are not the same, The physical properties in. general 
- suggest that Pt does not belong to the groups Ag and Au. The percentage 
(both atomic and. by, weight),of 40 Ag has a special significance. for Pd, 


Thermoelectrically Pd alloys with up to 80 % Au, and 70 % Ag are negative 


to Pd; the addition of Ag to lowers of 
1046. Solidification of Silver: Arsenic ow, Heike a and A. 
doe Anorg, Chem. 92, 8. pp. 119-126, 1915.}—In previous work Friedrich 
and Leroux (1906) had only experimented. over a limited range at atmospheric 
pressure. The very pure As and Ag are fused in sealed tubes of porceata: or 
siloxide: which are. enclosed in an outer tube, the. intermediate space -heing 
packed .with: sand when.the :vapouc,. pressure, is high; 16 alloys are-men- 


tioned... The freezing-point curve shows only one eutectic point, at 540° and 


25. atomic %.of As (189 % weight); this alloy alone can be under-cooled, } 
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long, were noticed. ‘The formerly-found: melting-point of arsenic was 


Geits. Chem. 94. 4. pp. 858-870, “March. 1918. only previous 
work of N. S, Kurnakow (1902) indicated a compound Hg,Tl. As itis very 
difficult to avoid? oxidation’ of the: Tl, the author. experimented in’a'CO, 


atmosphere, then: under’ petroleum, and finally again in..CO, carefully freed 


from ‘oxygen ; temperatures were “measured ' by. Pt and Pt-Rh ‘couples: and 
(down to:-.60°) by copper-constantan ‘couples: The correct formula for the 
‘compound is HgsTls, corresponding to 28°57 % of Ti (all atomic percentages):; 
different methods indicate a compound: of from 28-5:to 287% Tl. There 
isa molecular transformation, accompanied by evolution of heat and discon- — 

tinuity in the expansion, at 11°8° C,- ‘The melting curves of the alloys ranging : 
from 26 to 81 % Thall havea maximum ‘between and 14°5°.. “In alloys 
‘containing 88. % Ti crystallisation begins.at 11°8°,  Crystallised. thallium: dis- 
‘solves'smercury, but crystallised. mercury does not dissolve Tl;: this is in 
accordance with Tammann’s:rule that: the. metal with higher melting-point 
forms: solid solutions with that of lower: melting-point, not vice vefsa. 


‘Kurnakow’s.alloys were probably not free from oxide. The ‘author's thallium 


H. 


1048. Gases in Stes. J. W. Donaldson, (Iron and 


Steel. Inst., Carnegie Schol. Mem, 7. pp. 41-64, 1916.}—A summary of the _ 


earlier, work carried out on ordinary carbon steels indicates that the principal 
dissolved gases are CO and hydrogen which are evolved in largest quantities 
-at the critical points, Four steels containing 8 to 8°5 % Ni, Si; Cr, and Mn 
‘respectively were investigated..'The largest amount of gas was obtained from 
the Ni steel (2:46 cm: per. gm.), the volumes from the Si, Cr; and Mn steels _ 
‘diminishing in the order given. Practically no gas was evolved below 

“600° C.; as the temperature’ rose’ the ‘volume of gas evolved increased to 
‘a maximum daring the critical range and then decreased. It was found that 
‘CO and hydrogen predominated in the evolved gases: hydrogen at low tei- 
“peratures and CO at high temperatures. The sum of the CO;, CHy, and N 
‘was in all casés less than of the total: Si and Mn decreased the 
amount of CO, present, and increased the amount of hydrogen. Crtendsto 
increase slightly the quantity of nitrogen present,  ««-_-«§s/—3ssF C. A. HL 


9040. Hardness of Métallic Alloys. P. Ludwik. Anorg: Chem. 
94; 2. pp. 161-192, ‘Feb, 29, 1916.)}—As with metals [see Abs, 845- (1917)] 
‘the ‘experiments were made by the cone-penetration method, the’ values 
-being plotted against the “ efficacy,” defined from dilute ‘solutions of equal — 
‘concentration (by weight) as proportional to the number of atoms'of the one 
-constituent (or compound formed) in unit volume of the other, the: solvent. 
“The alloys were’ prepared in ‘electric furnaces (Heraeus, ‘or Hanemann, 
‘kryptol) at temperatures ap to 2500° and quenched. metals Al, Sb, Pb, 
Cu, Mg, Zn, Sn werealloyed ‘with one another and: sometimes ‘also with:Co, 
Ni, Mn, Bi, Cd, Ag ;a few ternary alloys, Al-Cu-Ag'and'Al-Za-Sn, were also 
‘tested. Some alloys changed in the course of four months, AL Ou-becoming 
‘harder by 10:%, and alloys of Zn’ with Cd, ‘Al, Mg, and“also with Al'and Sn 

VOL. xx.—a.—1917. 
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_ efficacy increased, and the hardening effect would. thus primarily appear.to 
depend upon the number of atoms of added metal. »-But there rule, and 
other factors enter. The addition of Bi and Sn to other metals gave too soft 
alloys, provided chemical compounds were not formed ; Mg made Bi and Al 
H. 


° 


Inst., Carnegie School Mem. 7. 55-67, 1916.)—-Previously. the author has 
| ‘shown that liquid ‘contraction: is, accompanied by a, decrease in density and 
that a max. solid. contraction, accompanies. max.. liquid contraction. A 
nomber of. K bars of castiiron containing 8°25 to.8°31 % C, 19 % Si, 0002. to 
0114 % S, 142 to 1:48 P, and were: cast at temperatures vary- 
ing from 1428° to 1264°C. and submitted. to various chemical, physical, and 
«mechanical tests. As :the: casting temperature decreased, the. density and 
tensile strength decreased rapidly. The content. of graphitic carbon 
‘increased, and the combined carbon decreased; as the casting temperature 
was lowered: Under the microscope it was found that the size of the graphite 
‘increased and-that of the Mn§ areas decreased, as, the casting temperature 
fell... No relationship was found to-exist between the Shore hardness number 
a _ and the casting temperature, but the diam. of the indentation increased with 
_ ‘decrease of density. Microscopic examination after'suitable etching indicated 
ee that the bar cast at a high temperature contained the phosphide eutectic 
in the form of a network, while in the bar cast at the lowest temperature the 
‘phosphide was uniformly distributed, thus confirming the author's ‘earlier 
‘conclusions (with F. J. Cook) that strength in cast iron. is intimately bound up > 
with the distribution of the phosphide eutectic, FCA. H. 


2061. Estimation of Carbon. in. Steels. by “Micrographic Methods, A. 
Portevin, (Rev. de Mét. 18. pp. 426-428, Nov.—Dec., 1916.)—The use of 
the microscope in the estimation of carbon in steel is often attended by error 
owing to the following causes: (1) irregularity in the distribution of. the 
“carbon, (2) mode of.relative distribution of the ferrite and pearlite, especially 
-when the general structure is the banded structure typical of rolled products, 
(8) fineness of grain, (4) state of the pearlite, i.¢. extent to which it is sorbitic, 
and (5).content of elements other than carbon, particularly Mn.and Cr, ,. The 
influence of C and the higher than 
‘the: real. content. A. H. L. 


4062. ‘Oxygen Content Iron and Steel on 
_ A. Pickard.) (Iron and Steel Inst., Carnegie,Schol. Mem, 7. pp: 68-82, 
-1916,)—Determinations have been made of: the oxygen: contents of .Bessemer 
Steel, open-hearth steel, crucible steel, wrought iron, American ingot iron, and 
(east iron, More. oxygen exists in. wrought, iron than in steel and.a greater 
_spercentage exists. in basic steel than in.acid steel. No definite relationship 
exists between the oxygen content and that of other impurities, but.it:seems 
possible that the oxygen content would.be a trustworthy criterion. of the 
‘Standard of works: practice, Small amounts of oxygen were found to occur 
even in white.cast: iron, but it is impossible to. state in what form. the 
Study, of. ingot iron, it appears that..the. solubility, of ferrous oxide in: liquid 
iron: is..0:405 -%. Examination of ‘samples of steel which had failed in « 
“practice showed. thatthe existence than 001 % oxygen. A 
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Engs Jj. pp. 215-224; :Dise, 286-802; March, 1917... Engineering, 
pp. 270-271; Disc., 262-265, March 28, 1917.)—In order to obtain the 
necessary -mechanical tests) with ‘forgings, it :is:not only meedful to ‘Have. 
suitable material, but the. physical conditicn the'steel mist be such that 
brittleness.and: the chance: of sudden failure should be reduced toa 
This means that the steel must possess the: smallest grain size; the slowness: 


with which heavy-masses of steel cool down results in large crystal-grains’at 


the centre of: the mass, and to avoid this recourse has‘to be:made to _ 
‘quenching ‘to “hasten the cooling ‘down; while a: subsequent: reheating is 

generally necessary to remove the hardness introduced by this quenching. 
. The effect of oil-quenching carbon steels diminishes, the farther one goes 


frou thé outside surface, and with very large forgings alimit may be reached 


‘at which the quenching effect at the centre is insufficient to. confer any — 
benefit on the material. -The effect of work is very important, and ‘there is 

an intimate’ relation’ between the “grain condition. of a forging the 
amount of work which has* been put’on it during forging.” For the ‘best 


results the ratio of the cross-section of the ingot to the largest cross-section of _ 


For high-tensile snaterial; that over 40 
the factor of safety is limited owing to the’ special conditions under which 
the material has to be employed, it will generally be safer to use an alloy 
steel, ‘since for the same tonnage a very much tougher material may be 
developed. The subject is dealt with from a practical standpoint and 
are to illustrate the, effect of diferent heat-treatments. 


ste 


-Eng., J. 4 pp. ‘225-286 ; 286-802, March, 1917. Engineering, 108. 
‘pp. 266-270; Disc., 262-265, March 28, 1017. Mech. Eng. 89. pp. 250-252, 
“March 30, 1917. Abstract: Deals with the subject of the heat treatment of 
steel from a works’ point of view and’ illastrates gi various’ Lnavemadonenssciog 
‘by means of pliotémicrographs; | 
The subjects dealt with include pyrometers, snd annealing quenching, 
quenching specifications, and ghost lines. 


4086, Tron- Carbon-Silicon Alloys 3.8 iron. In 
Schol. 7. pp. 1-17, 1916. author has made a therm: 
and microscopical examination of a number of cast irons containing varying 


proportions of carbon. and silicon, His results-indicate that carbide of iron 


is unstable below 700°C. and--slowly breaks up into alpha iron. and. free 
‘carbon. Since carbide of iron is stable in solution above 700°, two equilibrium 
diagrams are necessary, one for heating and one for cooling, ‘These jare 
reproduced: and discussed. In a-high-carbon. Si alloy ‘the first. phase. to 
separate. is a silico-carbide of. iron... The Ar8:2 point is very persistent, even 
278-282, March 1, 1917.)—The author bas drawn up avchart;which-in- 
‘cludes all. the binary systems of metals investigated up. to Jan,-J, 
list of references to the literature of each system is oe: Tables. of the 
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of alid quaternary systears are also 
4, Physik, pp, 445-477; 627-640, and-pp. 541-562, June 1017;)-- 
Three further contributions dealing: with: the stracture:of the: peculiar ‘bodies 
Claimed as liquid-crystals by the author: . The first: deals: with, certaiii 
inhomogeneities which: occur when: the ‘crystal!’ lies ap against anisotropic 
surfaces, giving tise scréw-like structure ‘to threads ” and, 
farther, to:a ring-fence surrounding -the.latter. ..The:second:piaper ‘deals with 
alteration: structure caused -by admixture ; while the third investigates 
the: apparent: rotations ‘catised) by. the: continuously. 


VOR 


Orientation of Liguid Anisotropic Salis of Cheleerin 


1017. }+The author: has studied the, caprinate | andi cholesterine, 
and the ammonium and trimethylammonium oleate.on the cleavage surfaces, 
orin the fissures of cleavage of: various ¢rystals., Jn,almost,alli-cases the axis 
of the liquid placed itself normal to the support, as when placed on glass; 
 and.if sometimes it placed, itself parallel to the: surface, its: direction’ was 
quite, irregular and without relation to the crystalline support. In the; case 
of: cholesterine caprinate,: however, quite definite. orientations, parallel with 


So-., Proc. 29. pp. 159-161, April, 1917.)—In the calcula- 


tien) of, the coefficient .of diffusion. by B, W. Clack,.a,simple relation is 


assumed .between the density ,of a°solution of a salt and the concentration. 

simple relation is only approximately. correct, and compromises are 

made. which, require justification, The author suggests a method: of cal- 

Sulating the coefficient of diffusion which, to,a high degree. of theoretical 

accuracy, gives values for the coefficient that ‘age, independant of a 
relationship between density and concentration. 

a ‘The method of calculation adopted by B. W. Clack is justified. LHW, 


... 1060. Concentration Element. Brownian Motion. P. Debye. (Phys. 


Ohromic-Chromous Potential. S. Forbes and H. Richter.» (Am. 
89) pp. 1140-1148): June; 1917.)}—Pure! violet CrCh, partially — 
edaced to CrClyby purified hydrogen at 400° quartz, was dissolved’ with 
Stitring in‘ice-cold O1 N-hydrochlori¢ ‘acid. ‘The -solution, ‘filtered: intoi‘the 
was'allowed'to stand over pure’ mercury.’ If-all ‘operations ‘were ‘con- 
iti hydrogen, or CO, free’ from oxygen, the ‘potential rose 
-throughout two days-to a constant maximum, otherwise it flactuated-irregu- 
larly. Concentrations at equilibrium were determined analytically. Referred 
‘to normal hydrogen electrode:as‘zéro with: cotrection for: junction pétentials, 


0400 4 0065 ‘log On: platinuni, poténtials rea¢hed'aimaxi- 


lower, with evolution -ofhydrogeni! (See! Abs, 141 
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CHEMICAL PHYSICS! AND 


manni::(Zeits, Anorg; Cheni:: 98. 8::pp. 287+810;: Nove com 
tinued éxperiménts {see Abs, 407:(1916)] were made with' specimens from the 
Langbein+Pfanhauser; Elmore, and-other works. : The ordinary electrotyping: 
bath contains-abdnt 220\gm. of 20 to: 80'of! HySOy per litre; and! 
is: worked at «wp ‘to, 0:02 at rést,:or 008: when-agitated’s) 
whénthebaths ‘ate more: conceutrated, ‘but ‘contain: tess acid 
_. ahi higher densities are used, the process is called rapid galvanising }'the’ 
* Pfanhauser works use a highly soluble copper salt (solution of 45% Cu) at 
Phe ‘harditess tests (seratching, after jattenis) did ‘not give 
testlts repetition after'a few thé’ tower’ (Kathode) ‘st 
is especially! Sérisitive’ as to hardness ‘to ’sniall variations in’ the conditions 
the ‘hardiiess increases With’ ineréasing fitieness' of’ structure.” 
are alwayS érystalline,''the’ growth perpendicular to 
surfaces the crystallites "are ‘and intersect in seams." 
général’ it’ is "believed “that “thie higher’ the’ current’ density, ‘the’ fitier 'the’ 
structufé'y on the other low-current’ ‘density tecommiéhded pres 
paring blocks ‘for Banknotes; andthe’ tipper (bath)” surfate is irtegulat" 
With’high Gtirreit density” Rapit? déposition ‘yieldls cdarse and thick 
and irrégular' deposits. ‘When a burrishitig ‘tool ‘(dgate, Elihore) is” ‘used, 
etchitig’ (with of copper’ amtnoniuin chloride’ to’'12 of ‘waterand 
atiithonia,' washed with water, ammonia; and’ alcohol) ‘révéals layers paraliey 
to thé! kathodé surface ; but this lamination is’ noticeable also when burni 
is not applied; and: partly due to the'jperiodic émergence'of the rotating 
gutfate from the "Phe paper “was written by 

ob ig been killed i in the ‘was not then aware the simi 
os M. 


STRO-CHEMISTRY. 44% 


10682: Silver Volldmeter. Obata.s:(Math: Phys: 'Soc) Proc. 9 - 
pp: 120-140), May, 1917.)++Experimenits :were first made: with the’ 
explaining the cause of the. decrease:of the mass of the deposit when thinute 
traces of:acid are present:in the electrolyte. On two platinum bowls, usiig: 

a Smith form voltameter; silver! deposits of about 2 gm. were made fromthe 

same electrolyte. After -washing, drying, and ‘weighing the deposits, the 
bowls wereallowed to.stand filled, one::of them with. neutral conductivity 
water and:the other with the same water acidified toa certain strength with | 
pure nitric acid. The only.conclusion that can be drawn with-certainty is that, 
whatever the surface condition of the silver may be, the acidified water dis- 
solves a’ much latger amount of silver than the neutral water, so that corrosion . 


of the deposited silver may at least be one of the causes of the action of acid — 


onthe mass:of the deposit. Further: experiments were'made with a solution 
of silver perchlorate: as electrolyte.» The mode of ‘preparation of the‘sdlt is 


fully described: and comparative tests: were made-with solutions of the nitrate; 


The deposit from ‘the’ perchlorate: is finely crystalline,-non- striated and 
tremely adherent, so: that washing is very easy.. Very good agreement'was 


obtained: between the masses deposited from perchlorate and nitrate solu: 


tions, but the acidity effect is much leSs:markedin perchlorate ‘volta: _ 
meter, the nature of the deposit making it more resistant to the effect of - 
perchloric acid. An arrangement for magnetic stirring is also described, this 
a device to the of ne {See Abs. 960 
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Big. pp: 15, 1018)—When the creat density 
on a kathode immersed’ in®¢értain aqueous electrolytes is increased ‘suffi«: 

ojently,; the kathode becomes red-hot, and! may eveh melt. The author has 
. studied this phenomenon, tising small. slips: of thin sheet iron as kathodes, a 
ead anode, and an electrolyte of sulphuric acid of about 1°2 specific gravity. 
‘Current densities‘and voltages were observed during the gradual immersion 


1065, Brokection. ‘of Iron by Electroplating. 0. Watts and. P.L. De. 

Verter. (Am.Electrochem. Soc., Trans. 80, pp.145-155 ; Disc., 156-158, soe) 
—The experimen nts of the authors confirm the view that the. superiority of 

| anising over deposits.of other metals for the protection of iron 
is due to voltaic action, It is,shown that. thin, electro-deposits, of, Zn, Cu, 
Ni, and brass are full of holes, and therefore only the first: may. be relied 
on to prevent rusting, unless deposits are. ‘made much heavier. than is at. 
present the rule. . Deposits of Ni.should exceed 0:0015 in, (0088. mm.) 
_ in thickness in order to protect.iron out. of doors, and copper or brass. plate. 
should have three times this thickness; even then it is not, certain how. 
long such coatings will afford protection. For the protection by electro- 
plating of iron which is to. be: exposed to the weather,.zinc (or cadmium) is . 
the only metal. worthy of consideration. . The, experiments. do -not show. 
that double. coatings (zinc followed by. copper.or brass) are distinctly 
superior Single heavy coating of the latter is to be. 


4068. Current Efficiencies in Nickel Plating with Rotating Kathodes. F. 
: Mathers and E. G. Sturdevant. (Am. Electrochem. Soc., Trans. 80. 
1916.)—In nickel-plating baths, ldw initial current yields: are 

obtained ‘with stationary kathodes and still lower. yields with: rotating 
kathodes, .The authors show that these éffectsaré due. to the impurities. 
which are present.in the nickel salts; It) is further: shown that free: 
mineral acid can. produce’ this lowering of the yields, but this is not 
the: primary cause, since the neutralisation of the baths by boiling. with 
nickel hydroxide does not: overcome the trouble. The yields. from. 
baths electrolysed continuously with. Saag kathodes started low 
but reached values. of about 97°6.%. in, 2,4 and 6 hours respectively 
for baths of 100; 200, and 800 cm.’ made from commercial nickel salts, 
Similar baths. made from. purified salts gave yields of about 98 %for the: 
first hour, regardless of volume, indicating that impurities present are the: 
cause of the. diminished yields, . The yields with stationary and with 
rotating kathodes are approximately equal in all. cases where the baths 
are sufficiently pure. Nitrates lowered the. yields more than any other. 
impurity ‘that tried, . Ferric salts, ammonium citrate, or ammonium 
- acetate lowered. the yields, but ferrous sulphate up to 2% was almost 
without effect. Free boric acid 
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